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The insignia of the Francis I, Proctor Laboratory for 
Research in Ophthalmology is derived from the ancient 
Egyptian symbol known as the ''wedjat-eye"' or "'sound- 
eye" (i.e. uninjured-eye) of Horus. The symbol is de- 
rived from the ancient myth in which the eye of the falcon- 
god Horus was torn into fragments by the wicked god Seth, 
Later, the ibis-god Thoth miraculously restored the in- 
jured eye by joining together its parts, whereby the eye 
regained its title the sound-eye" 'wedjat-eye" or: 


In accordance with the myth, the various parts were 
used as mathematical symbols of the fraction and in 
medicine, especially where great precision in dosage 
was required, The parts of the eye and their fractions 
are as follows: 


<(- = 32 


wa 


The sum of these parts is 63/64. The missing 1/64 is 
supplied magically by Thoth, and so represents skillor 
art. The symbol itself represents the human eye with 
the markings of a falcon's head, "Wedjat-eye" repre - 
sents the myth of the restoration of the eye, its parts, 
exactness and precision, the sum of its parts, the skill 
and art needed in its restoration, It is a symbol of 
very great antiquity familiar to the world's first oph- 
thalmic specialists of Egyptian medicine. 


AMERICAN JOURNAL OF OPHTHALMOLOGY 


3 NUMBER 4, PART Il . APRIL, 1955 


SERIES 3 


and the 
ATION OF THE LABORATORIES OF TIHil 
ZANCIS L PROCTOR FOUNDATION FOR 
RESEARCH IN OPHTHALMOLOGY 


ortia, Septen ber 29, September Oct 


CONTENTS 


PLATES 
d Onto Lowenstem 


Proctor. Phillips Thygeson and 


h in Ophthalmolog 


e Frane 


OF PAPERS 
d pressure, and cutaneou timulation 


{. Proctor Lecture. Ludwig vi Otte Lowen 


ophthalmic laboratories 


Stewart Duke-klder 


Hleter \ Franceschettt 


Carboni flow. lona 
Further Its anastomoses vtiomic relations. Greorgiana 


Dvor 1 


( almia 
Precancerous the conjunctiva, Algernon B 
Studies on the ns on sequelae an nent of prolapsed vilre 

hvaluronic-acid content. S. Rodman Irvine, Robert 


] ith particular reference t the Smith method. (A motion pr 


Surgery of the sublu 
ture.) Derrick Vail 


ontributpor ) of trachoma, (n mibattista Bietti 
aron and inferior oblique insufficiency. Kenneth C. Swan 


Fundus changes in hypertenst In relation to postmortem systemic alteration M. Puig Solane 
1. Antomo Quire in onzalez Barrientos 
ma Due te delaved restoration of the anterior chamber after 


glaw 
Kronfeld 
! Ashton 


\ tonograph tucls 


wt extractiot 


Experimental mplan ot a 
tud King, Jr. and 


Nutrith in prisoner 


— 
: 
I 
San Fra o, Cal {i ber |, 1954 
Illustrating article by Algernon B. Reese facing page 96, 97, and 
Dr. Francis |. Proctor 2 
Personal reminiscences of Dr. Francis |. Alison Braley 4 
Francis I. Proctor Foundation for Resear, 
Views of the Francis I. Proctor Laboratories ; 7 
Speakers at the dedication ceremomes 
(ther view f |) Proctor Laboratories 10 
PRESENTATION 
the diencephalor the Ni 
stein 1] 
Research in ophthalmology, Alan Woods 
Personal recollections: The early years of the mE of the Massachusetts Eye 
and Ear Infirmary Frederick H Verhoetf Os : 
Ophthalmologic research in Britain. Sir 13 
65 
OG 
100 
The 130 
137 
ets 147 
Retrolental fibroplasia Nort 153 
Further investigation n the anatomy of the origin of the opht alm irter losef Bock and 
H. Schwarz-Karsten 
mW. ! more 173 


Dr. Francis I. Proctor 


- 
a 
a 
‘ 


PERSONAI 


PHILLIPS 


REMINISCENCES 


Pu YGESON, 


DR. FRANCIS LL. PROCTOR 


M.D 


Clinical Professor of Ophthalmology, University of ¢ alifornia 


Medicine 


hool oT 


San Jose, ( 


at San Francisco 


aliforntiua 


AND 


ALson E, 


BRALEY, 


M.D 


sor and Chief, Department of Ophthalmology, 


state 


Dr. 


resentative on the 


\s Mrs 


Prox tor 


THYGESOD Proctor’s rep 
Foundation Com 
mittee, | am very happy) to extend to you, 


our invited guests, her appreciation for your 
presence which mnvest this celebration with 


Mrs asked me to 


express to you her regret at not being able 


such distinction Proctor 
to be here at this time. She hopes to visit the 
laboratories early next year, to see then the 
progress, 
The work accomplished since the 


work in and to meet the investi 
gators 
opening of the laboratories has been a source 
of great satisfaction to her, and | know she 
shares our hope that our new facilities will 
increase our output and improve its quality 

Mrs 


Proctor established this Foundation 


in 1947 in memory of her husband. When 


Dr. Proctor retired from the ot 
ophthalmology in Boston, he and Mrs. Pros 
Ne \ Mie AICO ‘| here 


they became intensely interested in the arche 


practice 
tor moved to Santa Fe, 


ology and medical problems of the American 
Indian, and particularly in the problem of 
trachoma with which the Indian was at that 


| rat homa 


became a 
(thee ot 


Pro« tor 
the 


time heavily afflicted 
Consultant to 
Affairs 
nection the rest of his life 

In to 


trachoma, particularly 


on 


Indian and maintained this con 


research on 


to 


his desire stimulate 


with respect its 
cause, he studied the disease in various parts 
of the followed clo 
spot the major research efforts then current, 


aided 


gators working on the problem 


world, sely and on the 


and and encouraged young investi 


University of lowa School of Medicine 
lowa City 


lowa 


From 1930 until his death, he participated 
actively in the experimental work itself and 
in 1934 was instrumental in setting up an 
Fort Apache, 


experime ntal laboratory at 


Arizona. I recall vividly and with the keen 
est pleasure the many happy days, particu 
larly in Egypt and at Fort Apache, that were 
spent in the co-operative studies of trachoma 
had Mrs 
followed with lively Mrs 
this interest 


which he inspired and which 


Proctor interest 
Proctor indeed shared actively 
of 


every project he undertook 


her husband and worked with him on 


In addition to 
their contributions to research, together they 
set up eye clinics at Taos and Santa Fe for 
the care of indigent Indians and “Hispanos,” 
and these were maintained by Mrs. Proctor 
after her husband's death 

\t this 


Francis | 


time we are dedicating formally 


the Proctor Foundation for Re 


search in Ophthalmology. Surely no more 
fitting memorial could have been conceived 
to honor the memory of a man whose domi 


nant interest in his latter years was exper! 
mental ophthalmology and the support and 
encouragement of investigators dedicated to 
its advancement 

Che workers who have been privileged to 
participate in the Foundation’s development 
during these first seven years of its life wish 
to Mrs 


appreciation for her great gift. It 1s 


Proctor their profound 
their 
earnest and ardent wish that the Foundation 
fulfill het of it of 


service source upon 


to express 


vision as an instrument 


and a of inspiration 
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which her husband would have looked with 


satisfaction and pride. 
* * 


De. BRacey 
have known Dr. Francis |. Proctor 


I count it a great privilege to 
I knew 
him as a revered “elder statesman” in oph 
thalmology when he visited our department 
at the State University of Iowa in the early 
thirties. He had retired from his practice in 
toston and was living in New Mexico but 
he retained his tremendous interest in oph 
thalmology, and particularly in its clinical 
aspects and the problems of the individual 
patient. 

During his frequent visits to our clinic he 
always had time to spend with the residents 
He was keenly interested in our diagnostic 
problems and had a vast fund of information 
to draw upon when presented with a case 
He helped me many times to look for ob 
scure findings that might have diagnostic 
significance, To me he was at his best in in 
formal discussions of patients. His resonant 
voice, his fine physique, and his handsome 
and white hair commanded 


face respect, 


from patients and colleagues alike—and his 
great kindliness won him their co-operation 
and affection. 

Dr. Proctor’s devotion to ophthalmology 
and his enthusiasm for his particular inter 
ests were quite irresistible. He was Consul 
tant on Trachoma for the Indian Service at 
this time, and by all odds trachoma was his 
major interest of all eye diseases, and he felt 
that 
trachoma and all its ramifications. I can per 


every ophthalmologist should know 
haps best convey this high enthusiasm of 
his by an anecdote, 

In 1935, the American Medical Associa 
tion met in Kansas City. At this meeting | 
had an exhibit on lid tumors, and right 
across the aisle Dr. Thygeson and Dr. Proc 
tor had an exhibit on trachoma. Dr. Proctor 
felt the importance of trachoma made this 
exhibit of theirs the most important one in 
the entire eye section. That year Dr. Bedell 
showed some beautiful slides of many fundus 


BRALEY 


lesions, and Dr. Neher from Salt Lake City 
had a very nice exhibit on the eyes of snakes 
These 


circle. Dr 


four exhibits were clustered in a 


Proctor’s vibrant voice carried 
throughout the entire area, and his handsome 
presence and masterful command of English 
always attracted the visitors’ attention no 
matter which exhibit they might be observing 
If this failed to draw a crowd, however, he 


Bedell’s 


ample, and suggest to the individual looking 


would go to Dr exhibit, for ex 
at the beautiful collection of fundus photo 
graphs that he come over and let him ex 
plain his exhibit on trachoma—because it 
was something most important! He was not 
always in complete agreement with Dr. Thy 
geson, but if someone asked a question he 
felt he 
would 


had not answered adequately, he 
suggest that the back 

and talk “Phil” 

helpful. After he had finished his explana 


visitor 


with who would be morte 


tion of the trachoma display, he frequently 
brought his audience over to me so that | 
could explain my exhibit 

I can still see him—this tall, handsome man 
with electric blue eyes, pointing to the pi 
tures of the pannus of trachoma and ex 
plaining the way the vascularization of the 
cornea took place during the active process 
of trachoma infection 

I want to say a special word about D1 
Proctor’s kindness to Clarence Brown, the 
volunteer whose eye was inoculated su 
cessfully at Fort Apache with the filtrate of 
trachoma virus. I shall never forget it 


The founding of the Francis |. Proctor 


Foundation at the | niversity of California 


IS a perpetuation of the aims and ideals of 
While pri 


was tremen 


this truly fine ophthalmologist 
marily a clinician, Dr. Proctor 
dously interested in all phases of opht/almic 
science and in helping in every way the 
young men working in this field. I am sure 
those who are responsible for the develop 
ment of this Foundation that bears his name 
will do everything in their power to further 
his desire to foster research, teaching, and 


the best possible care of patients. 


FRANCIS PROCTOR FOt 


INDATION FOR RESEARCH 


IN OPHTHALMOLOGY 


Francis I, 


The 


Proctor 


of the 


Research in Oph 


new laboratories 


Foundation for 
thalmology of the Department of Ophthal 
mology, University of California School of 
Medicine at San Francisco, were dedicated 
on Septemb« r 29, Sept mber 30, and October 
1, 1954. This supplement contains the papers 
that were read on this occasion 


In 1946, Mrs. Elizabeth ¢ 


resentative approached the Chairman of the 


Proctor’s rep 


Department of Ophthalmology of the Um 
versity of California School of Medicine to 
discuss the possibility of establishing a re 
search foundation, The offer was contingent 
on the willingness and ability of the Regents 
of the University to provide 3,000 square 
feet of space for the proposed laboratories. 
The provision of this space was facilitated 
by the generous donation of $65,000 by Mr 
and Mrs 
September 15, 1947, Mrs 
of the approved the 
agreement that the 


Proctor Foundation for Research in Oph 


ferthold Guggenhime, and on 
Proctor and the 
University 
established 


Regents 


Francis |. 


thalmology. 
Pending the construction of the new Med 
the 


Heller Laboratories 


ical Sciences Building, Foundation has 


been housed in the kk. S 
which were donated in 1951 for research in 
ophthalmology. The majority of the Founda 
the 


Its 


tion’s research activities have been in 


fields of pathology and microbiology. 
staff members have published 51 articles 

The new laboratories are on the third floor 
of the new Medical Sciences Building which 
adjoins the Out-Patient Department in the 
the Kye Clini 


Clinics Building where is 
situated 

T he dedication ceremonies were preceded 
by the formal unveiling of a portrait of Dr. 
Frederick C, 
partment of Ophthalmology, on Tuesday 


Cordes, Chairman of the De 
evening, September 28th. The portrait was 
donated by staff members and former resi 
Cordes 


dents who were trained by Dr in 


honor of his 20 years of service as Chairman 
of the Department. This portrait, which was 
given to the University of Califormia School 
of Medicine, will be hung in an appropriat 
location in the new the 
Medical Sciences Building or the Herbert ¢ 
Mothtt Hospital. 

An informal Open House for imspection 


buildings, either 


of the laboratories was held during the en 
tire day of Wednesday, September 24th. In 
the morning, Regent Earl J, Fenston for 
mally delivered the keys of the laboratories 
to the Director, Dr. Michael J 


ical Professor of Ophthalmology 


Hogan, Clin 
Following 
this ceremony, the guests inspected the vari 
to the 
Included in these were the 


ous laboratories View exhibits and 
demonstrations 


following : 


Dr. Phillips Thygeson 

Dr. Samuel |. Kimura 
Material to be included in an Atlas of 
External Diseases which is in prepara 
tion 

Dr. Samuel J. Kimura 
Number of 
caused by fungi. 

Dr. William K. McEwen 

Dr. Samuel J. Kimura 


Principles and results obtained by filter 


ot corm al ulcers 


CAaSCS 


paper electrophoresis of tears, 
Dr. Karl Boyer 
Miss Anita Suran 


Techniques employed in studies on the 


removal of vitreous hemorrhages. I-ffect 
of various chemical agents on the rate 
of red blood cells tagged with radio 
chromium. 
Dr. Daniel G. Vaughan, Jr. 
Results of some studies on the sterility 
of ophthalmic solutions 
Helenor Wilder Foerster 
Sections of eyes from uveitis patients 
the 


Mrs 


showing toxoplasmosis as specif 


agent 
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Dr. Michael J. Hogan 
Miss Ann Lewis 
Miss Diana Ides 
Microscopic preparations of typical pos 
itive and negative toxoplasma methylene 
tests. The characteristics of 
the 


blue dye 


the toxoplasmic lesions im viscera 
and brain of rabbits and mice. 

Dr. Levon K. Garron 

Mr. Ben Goldfeller 
Unusual pathologic specimens; linical 
pictures and photographs from slides of 
pathologic material removed from the 
tAsts 

Miss Sylvia Ford, staff artist 
A number of drawings of interesting 

unusual exhibit in the 


and cases on 


Proctor Library 
Presentation of papers took place on Sep 
tember 30th and October Ist at the Morrison 
Auditorium of the Academy of Science 
Building, in Golden Gate Park, a short dis 
the University of 
School of Medicine 


the Chairman of the Department of Oph 


tance from California 


Following registration, 
thalmology, Dr. Frederick C. Cordes, made a 


short address of welcome together with a 
short 
Following a few remarks by Dr 


the 


Foundation 
Mi hael J 
Foundation, Dt 


history of the Proctor 


llogan, Director of 
Phillips Thygeson and Dr. Alson Braley re 
counted some of their reminiscences of their 
Proctor 


contact with Dr. Francis | 


On Thursday evening, Dr. Ludwig von 
Sallmann, Director of Research in Ophthal 
mology, College of Physicians and Surgeons, 


Columbia University, gave the Ninth Francis 


The 


was “The responses of intraocular and blood 


I. Proctor Lecture title of his paper 


pressure to electri stimulation of the dien 


cephalon.” It was beautitully presented and 
well received 

Luncheon was served to the guest speakers 
and the staff of the Departn ent ot ¢ yphthal 
Bohemian 


which 


staff and the distinguished vi 


mology in the Red Room of the 


Club on Thursday and Friday 
both the 
an opportunity for informal discussions 

On Wednesday night, D1 


informal dinner 


Hogan ia 
at his home for the 
guest speakers and their wives 

Friday night, October Ist, a banquet was 
speakers, the staff, and 
Bohemian Club. The 


Bohemian Club outdid 


given for the guest 
their wives at the 
famous chef of the 
himself to prepare an unusual dinner It is 
customary at a banquet such as this on that 
the feast be followed by numerous speeches 
Inasmuch as the guest speakers had come 
from three weeks of papers at the XVII In 
ternational Congress of Ophthalmology im 
Montreal and New York, and the meeting ot 
the American Academy of Ophthalmology 
and Otolaryngology, it was felt that the 
group might appreciate the omission of these 
dinner orations. Consequently, it was decided 


to follow the banquet by the recreation of one 


of the “Campfire Shows” the bohemian ‘ lub 


has every evening during the week as part 


of its summer encampment in the “Grove 
among the giant redwoods. This dinner, end 
ing with the valediction of old Spanish Cal 
fornia “hasta la vista” (until we meet again), 


was a never-to-be-forgotten allan 
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Left to right: Brerrt. von SALLMANN, 
AND THYGESON 


M. SoLanes loser Bock 


Sir Stewart Perer C, 


i ae 
> 
Kc, 


Anorner View, Prancts 1. Procror Laporatories 


Tue Procror Conrerence Room anp 


. 


RESPONSES OF INTRAOCULAR 
CUTANEOUS VESSELS 
IN 


NINTH 


Lupwia 


M. M 


Ne 


(With the assistance of 


son, and Dr 


Woods 


int the i speech have red yract ful and 


hitting words in praise ol those whose ettorts 
have mace possible the mauguration of this 
scien 


at 


Institute dedicated to the pursuit ot 


Any 


vassing thoughts 


knowledge in our specialty 


tempt to amplify the encon 


of such distinguished speakers would be in 
effectual 

It remains for me then to say how deeply 
ved by the 


to give the 


| am me honor you do me by in 


viting me Ninth Proctor Lecture 


under such splendid and singular auspices 
he 
search im opththalmology 
Dr. and Mrs 
generosity, 


enlarging the 


very creation of this department otre 


as an outcome of 
triving interests and 
of Dr 


Hogan for 


Pron tor 
enthusiasm 
Dr 


and clinical re 


andthe 


Thygeson, and 
te ld of basi 


ope ns hor IZOnNsS 


Cordes, 
search in ophthalmology, 0 
wide that any medical exploratory work can 
be included in the list of potentially suitable 
topi 

It is our hope that the man whose name 
this 


the 


lecture commemorates would approve 
subject ophthalmo 
Ch deals 


with the problem ota possible central nery 


se lection of a ot 


neuro-physiology contribution 
ous influence upon the intraocular pressure 
| AX perimne ntal resca4rt h and ( lina al experi 


ence have pointed to the mnportance of the 


} 


by 


| 


Hospita 
e Knapp M 
Opl Foundation 
from the 
(B-253 ¢ 


il 


upported 
dat the Snyder 
he Harriman Fund, and 


St Public Health 


ori on 


tTI 


thalrmi 


nt 


VON SALLMANN* 


PRESSURE, 
rO ELECTI 
DIENCEPHALON* 


FRANCIS | 


y 


BLOOD PRESSURE, AND 


STIMULATION 


\ 


Proctor LecTURI 


Np LOWENSTEIN? 


‘owers and I. Loewenfeld) 


ork 


diencephalon for the regulation of many 
autonomic functions such as blood pressure, 
pupillary activity, thermoregulation, cardias 
and respiratory rate, gastric, and intestinal 
motility, tonus of the gall bladder and urmary 
bladder, and other functions 

Since Karplus and Kreidl! demonstrated 
the existence of a sympathetic center in the 
extensive 


lateral hypothalamus, 


studies on the role of the interbraim im auto 


poste 


nomic regulation have been undertaken by 


numerous investigators. Rabbits, cats, dogs, 


and monkeys served as subjects in these 


studies. The experimental results, as well 
as clinical and anatomic observations in man, 
the that the 
hypothalamus ts the site at which—-at least 


sympathetic and parasym 


have firmly established idea 


mammalhans 


pathetre functions are asso iated and even 
integrated 

lo early speculations on the influence of 
the interbrain on functional states of various 
organs, the intraocular pressure has been no 
the the 


such a relationship, inferred on theoretical 


In assumption of 


exception past, 
grounds and on certain clinical signs, gave 
rise to manifold discussions and conjectures, 
particularly in the realm of glaucoma theo 
Recent investigations ot 
Schmerl and Steinberg* and of Weinstein, 
in which undisclosed sites in the hypothala 
and the 
prehensive Nagat, 
Kurotsut and of Takagi® provided evidence 


ries tentative 


stimulated, nore com 


mus were 


studies Ban, and 


in the eye pres 


of centrally elicited changes 
sure. Although im 
ments the Japanese investigators attempted 


a small series of experi 


to distinguish between such eye pressure re 


- 
| 
(iit = 

4 

if 

* kro the Dey irtment ot imology, lo 

lumina Universit ( ollewe f Physi ins and Sur 
| 
Z s. Dis. 5) 
= 


LUDWIG VON SALLMANN 


= 


AND OTTO LOWENSTEIN 


Fig. 1 (von Sallmann and Lowenstein). Schematic drawing of cat head prepared for experiment 
Insert illustrates pertinent connections 


sponses of vascular origin and those caused 
by contraction of Muller's muscle, in the 
main their study rendered little information 
beyond corroborating the well-known fact 
that sudden variations in the blood pressure 
are reflected in the intraocular pressure. 

To test the hypothetic influence of cerebral 
centers in the control of intraocular pres 
sure, it appeared necessary then to demon 
strate by orderly experimental investigation 
the link between function and localization, In 
the present study, the answers to two main 
questions were sought: 

1. Does of 
scribed areas in the diencephalon produce 


of the 


electric stimulation circum 


characteristic changes intraocular 
pressure? 


2. In case such changes occur, are they 


necessarily related to or dependent on varia 
tions of the blood pressure or the cutaneous 
circulation and, further, are they always 
accompanied by responses of the pupil, the 
nictitating membrane, or the orbital muscula 
ture ? 

Consequently, the plan of the experimental 
procedure was as follows: 

To stimulate electrically, mm. by mm., cer 
tain areas in the cat diencephalon, to record 
simultaneously the stimulation effects in 
intraocular pressure, blood pressure, vaso 
motor responses in the ear auricles, the be 
havior pattern of pupils, nictitating mem 
brane, and extraocular muscles, and, finally, 
to correlate the anatomic points of stimula 
tion with the observed effects by histologic 


examination of the brain of each animal. 


12 
y 
| 
| 


a” 


RESPONSES TO DIENCEPHALON STIMULATION 13 


9 b 
~ 
‘ 


Fig. 2 (von Sallmann and Lowenstein) 
MATERIAL AND Metuops 


Che experiments were carried out on 46 
mature cats weighing about 3.0 kg. In order 
to reduce trauma and speed up the prepara 
tions on the experimental day, the parietal 


bone was trephined under sodium pento 
barbital anesthesia four to seven days ahead 
of time, and the wound closed 

(in the experimental day, anesthesia was 
induced by the intraperitoneal injection of 
40 to 50 mg 


chloralose kg and supple 


mented, when necessary, by the intravenous 
injection of small doses of sodium pento 
barbital (2.0 to 4.0 my./kg.). 


[Twenty to 30 
minutes later, polyethylene cannulae were 


Patterns of eye and blood pres 


ure responses 


inserted in the right femoral vein and left 


femoral artery and a metal cannula was 


introduced into the trachea 

Che animal was given intravenous heparin 
to prevent clotting and the formation of 
anterior chamber and its head 
Horsley-Clarke stereo 


Phis instrument permitted 


fibrin in the 


fixed in a modified 


‘ 


taxic instrument 


free access to the eyes 

The 
the tracheal cannula with a positive pressure 
and the 


transducer of suitable sensitivity in a San 


next steps consisted in connecting 


respirator femoral artery with a 
born electromanometer. Photo-cells were at 
tached to the auricles of both ears for re 


cording the cutaneous vasomotor responses 
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6OF, 130 sec 


Pupil Action 


mang 
oo 
hed Fig. 3 (von Sallmann and Low 
enstein ) Sympathety mass dis 
-10 charge in which peak values of 
eye and blood pressure were main 
tained throughout the time of 
os stimulation. Position of positive 
electrode: 11.5 mm. anterior to and 
-_— 7.0 mm. above mteraural line 
For this and all succeeding illus 
trations, the eve ind blood pressure 
-10 responses were photographed from 
the direct tracings: records of 
Bleed Pressure caliber changes the essels 
ali in \ 
of the ear auricles (AD and AS) 
were obtained photometrically ; gen 
erally, a rise wm the tracing is 
caused by contraction of the ves 
sels: dilation cause a tall The 
type of pupil dilation is indicated 
m the pupillograms which were 
drawn on the basis of gross ob 


ervation and the action of the 
indicated 
and NM ) 


nictitating membranes ts 


evr hols (NM 


of these organs and 30- or 27-gauge needles 
were inserted into the anterior chamber of 
both eyes for transmitting pressure changes 
to the 
manometers, The reactions of blood and eye 
blood 


auricles were registered in continuous trac 


sensitive transducers of electro 


pressure and of vessels in the ear 
ings on identical recording units. The latter 
were synchronized for onset and duration of 
the electric stimuli 

noted of the ef 


fect of each stimulus on the pupils and nicti 


Gross observations were 


tating membranes as well as other motor 


functions. The diagram (fig. 1) shows the 
head of the animal prepared for the experi- 
ment; the insert gives a simplified view of 
the pertinent connections. Intravenous in 
jections of 0.2 to 0.4 micrograms epinephrine 
or~ norepinephrine/kg. at the beginning of 


the experiment provided information on the 


sensitivity of the animal preparation to 
adrenergic stimuli. 

Calculated averages of measurements of 
16 cat brains were the basis of the Horsley 
Clarke co-ordinates for the electrode settings 
in reference to anatomic landmark struc 
tures. The electrodes were made of 24-gauge 
stainless steel hypodermic needle stock in 
sulated with three coats of baked enamel, ex 
cept for 1.0 mm. sharp exposed tips. These 
electrodes were used in a three-pronged set, 
with a distance of 2.0 mm. between elec 
trodes. The middle electrode (M) was held 
in the electrode carrier of the stereotaxic 
instrument, while the anterior (A) and pos 


(P) 


fastened to the leading electrode by means 


terior electrodes were permanently 


of a lucite strip into which they were ce 


mented 
The electrodes were inserted into the brain 


in a paramedian plane 2.0 mm (occasionally 
1.0 or 3.0 mm.) from the midline ; the leading 


mm. (mM 


electrode was set 11 some experi 
ments 9, 10, or 12 mm.) in front of the inter 
aural line Phe electrodes were advanced 
vertically, that is, at right angles to the basal 
horizontal zero plane which passes trom the 
interaural line to the inferior orbital margm 
Bipolar stimulation was applied; square 
wave pulses of two milliseconds’ duration 
at a frequency of 60 pulses pet second were 
delivered from an ¢ lectronu stimulator. Volt 
age Was varied from one to six volts depe nd 
ing upon the sensitivity o! the preparation 
With the aid of a plug board, the polarity of 
the electrodes was switched from A+M 
to M A to M + PP to P + M so 


that at each electrode setting, starting at a 


| 4V, GOF, 160 see 
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Fig. 4 (von Sallmann and Lowenstein) Sympa 


thetic mass discharge m which eye pressure de 
creased from peak value during stimulation Posi 
tion of positive electrode: 9.5 mm. anterior to 


and 7.0 mm. above interaural line 
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Fig. 5 (von Sallmann and Lowenstein ) Biphasic 
response in which econd phase outlasts the stimu- 
lus. Position of positive electrode: 13 mm. anterior 


to and 80 mm. above interaural line 


level 15 mm. below the cortex, four stimuli 
were administered. The electrodes were ad 
vanced 0.5 or 1.0 mm. at a time toa maximal 


depth of 24 to 25 mm. below the cortex 
which corre sponds to 5.0 to 6.0 mm above 
the interaural line. Each experiment lasted 


four to six hours from induction of anes 


thesia; as a rule, 40 to 60 stimuli were ap 
plied 

At the termination of the experiment the 
animal was killed with an overdose of so 


dium pentobarbital Ihe vertical Horsley 
Clarke co-ordinate of the cortex of the dead 
brain was noted at the anteroposterior level 
of the leading electrode and marker needles 


were introduced into the contralateral hemi 
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Fig. 6 (von Sallmann and Lowenstein). After effect in 
Position of positive electrode 


after cessation of stimulus 


interaural line. 


sphere. The animal was then taken from the 
stereotaxic instrument and perfused from 
the heart with a 10-percent solution of 
formalin. The brain was removed, suspended 
in 10-percent formalin for two weeks to com 
plete fixation and the pertinent part of the 
brain, as outlined by the marker needles, 
processed for celloidin embedding and serial 
sectioning. Weigert fiber and Nissl cell stains 
were used on the 22 to 30 micron sections, 
In histologic examination the electrode 
tracks were identified and the approximate 
sites of individual stimulation pomts were 
computed on the basis of the known Horsley 
Clarke co-ordinates and polarity of the elec 


intraocular begins 


to and 


which rise oft pressure 


11.25 mm. anterior 12 mm. above 


trode tip for each stimulus. The following 
procedure was used for identification of 
stimulated points and for diagrammatic 
illustration of the response patterns: 

For each brain, the approximate shrinkage 
factor was determined* and the brain slides 
were enlarged to five times (linear ) natural 
size with a photographic enlarger, whereby 
correction was made for the shrinkage fac- 


* On the basis of the number of sections between 
and comparison of the length of 
distance between ver 


electrode tracks 
the electrode track with the 
tical Horsley-Clarke 
in the dead animal and the point of deepest penetra 
tion. 


co-ordinates for the cortex 
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(von Sallmann and Lowenstein) 


Fig. 7 


Diagram of midsagittal view of cat brain 


corpus callosum 
— superior colliculus 
descending fornix 


nabenular nucleus 


pineal body 
posterior commissure 


masso intermedia 


anterior commissure 


cerebral peduncies 


mammillary bodies 
pituitary stalk 


optic chiasm 


A ventral area in 


the hypothalamus and a more dorsal area, which includes the dorsal hypothalamus and a ventral portion 


"and “B” 


of the thalamus, are designated “A 


tor. Certain landmark structures, as well as 
trac ks, 


measured in each slide. A paramedian out 


the pattern of the electrode were 
line of the brain was made by projecting these 
measurements into sagittal view, the vertical 
dimensions being furnished by the measure 

ments and the anteroposterior dimensions by 


the number of sections. 


RESULTS 
Electrical stimulation at different sites in 
the diencephalon of these cats elicited a va 
riety of changes in the autonomic activities 
studied. This variety pertained to (1) the type 
of response and (2) the association of pres 
sure changes with changes in the other func 


tions. 


I. RESPONSE PATTERNS 
Three main types of eye pressure changes 

were evoked. The first type, examples of 

which are shown in Figure 2-a and b, was 


characterized by a gradual ascent and descent 


in this study 


for purpose of convemence 


of the curve, reminiscent of the reactions ob 
served after intravenous injection of adren 
The blood 


pressure tracings exhibited frequently, but 


ergic mediators in minimal doses." 


by no means always, parallel deflections of 
the curves. The width of the lid fissures and 
the position of the eyeballs and nictitating 
membranes usually did not change ; pupillary 
dilation, when present, was slow and sub 
maximal ; responses of the vascular bed of the 
ear auricles were moderate at best and some 
times absent 

In the second type of reaction the slope 
of the curve was steep (fig. 2-c). Elevation 
fast 


pupillary dilation, retraction of the nictitat 


of systemic blood pressure, maximal 
ing membranes, widening of the lid fissures, 
and vigorous vascular responses in the ears 
frequently accompanied the fast rise in intra 
ocular pressure 

The pressure change in the third type of 


response was extremely swift. Rapid oscilla 


Lt 
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Fig. Ba (von Sallmann and Lowenstein). Sym 
pathetic mass discharge, showing fast, marked 


elevation of eye pressure, analogous blood pressure 
and maximal rapid 
electrode 00 


above imteraural line 


rise, increased pulse amplituct 
pupil dilation. Position of 


anterior to and 6.0 mm 


positive 
mm 
tions of the writing styli were superimposed 


( hig 
stances, motions of the eyeballs were visible 


on the curves 2-d) and, in some in 
Changes in systemic blood pressure, orbital 
fissures, pupils, nictitating membranes, and 
ear vessels often coincided with the varia 
tions in intraocular pressure 

Another 


sponses can be made on the basis of the time 


distinction between various re 
relationship between the stimulus and _ its 
effect. Although 


latency periods were not possible with the 


exact measurements ot 
methods employed in this study, it may be 
stated that the 
peared almost immediately in the third type, 


onset of the reactions ap 
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in the se« 


while a slight lag was discernible 
ond type and a longer one in the first type 
of response 

Occasionally, peak values were maintained 
throughout the time of stimulation (fig. 3) 
to diminish in one or all of the 


end of the 


or tended 


functions before the stimulus 


(fig. 4) 
blood 


In other reactions, changes of the 


pressure, the eve pressure, oF of both these 
functions reached delayed peaks at varying 
intervals after the beginning of the stimulus 


and returned to pre-excitation levels before 
still 


sponses, the pressure changes persisted after 


the end of stimulation. In other re 
the end of stimulation 

In biphasic reactions, the second phase ot 
outlasted the stimulus 


the response often 


(fig. 5). Finally, in several imstances, the 
pressure change did not begin before cessa 
tion of stimulation and continued as an 
after-effect for varying perio ls of time (fig 
6). 

Time relationship and shape of the stimu 
lation effects sometimes deviated in a com 
plicated manner from those already de 
scribed 
falls, 


sponses in opposite directions were occasion 


Double pe aked pressure rises ofr 


triphasic reactions, or irregular re 
ally seen 


The magnitude of eye pressure rises or 


falls ranged from fractions of 1.0 mm, Hg to 


10 mm. Hg; changes between 1.0 and 3.0 


mim Hy were considered moderate Blood 
pressure variations of less than 30 mm. Hg 
were termed moderate; the maximum en 


countered was 80 mm. Hg 
When the 
the left, the 


right eye was compared with 


changes usually ap 


kind but 


pressure 
peared to be of the rarel) 
\ more 


necessarily the re 


SaAllic 
of the same size marked reaction in 


one eye was not sult of a 


Ina few instances, the 


effect on the 


homolateral stimulus 


stimulation two sides was in 


opposite directions and in others it 


limited to one eve 
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(von Sallmann and Lowenstem). In 


Fig. 
of the cat braim , Ue 


(Weigert; «4.) 


arrow imadicates the 


Il ASSOCIATION OF EXAMINED AUTONOMIE 


RESPONSES RELATED TO ANATOMIE AREAS 


AND THE TOPOGRAPHIC DISTRIBUTION OF 


STIMULATED POINTS 


Manifold combinations of the various re 
sponses were observed. Reaction patterns of 
similar type were sometimes obtained upon 
stimulation at several sites in a fairly ex 
tended area but, occasionally, active points 
as little as 0.5-mm. apart yielded effects of 
different, or even opposite character. 

Topographically, two main regions, ana 

ill-defined 
} 


lapping, were distinguished by 


tomically and somewhat over 
differences 
in the most frequently occurring response 
patterns. Figure 7 shows diagrammatically 


a ventral area in the hypothalamus (A) and 


stimulation 


ind the following reproductions of frontal sections 


pomt from which the relevant effect was obtained 


a more dorsal area (B) 


which overlies area 
‘A” and includes the dorsal hypothalamus 
and a ventral portion of the thalamus 


As a “A” re 


sulted in a fast, marked elevation of the eye 


rule, stimulation in area 
pressure with an analogous blood pressure 
rise. The pulse amplitudes increased during 
stimulation and the vessels in the ears usu 
ally responded strongly. Maximal, rapid dila 
tion of the pupils and retraction of the nicti 
tating membranes completed a picture of 
Ba). The 


respective stimulation point in the brain se 


sympathetic mass discharge (fig 


tion of this cat is indicated by the arrow in 
Figure &b 
his 


sponses occurred in the great majority of the 


combination of synchronous re 


experiments when the electrode tips were 


J 
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Fig. 9a (von Sallmann and Lowensteim) Sympathetic mass discharge, showimg disproporty 
extent and timing of pressure changes Position of positive electrode: 11 mm. anterior t ind 5.0 mr 


above interaural line 


placed approximate ly 21 to 25 mm. below the mm. above the interaural line In a number 


surface of the living brain, that is 5.0 to 10 of experiments, however, responses obtained 


Fig. 9% (von Sallmann and Lowenstein) Frontal section of cat brain. Arrow indicates location of active 
point from which response illustrated in Figure 9a was elicited 
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from stimuli in this general area showed 


considerable disproportionality in extent and 
reactions 


timing of the various component 


(fig. 9a); the active point for this stimulus 
is indicated in Figure 9b. The behavior of 
the peripheral vessels in the ear auricles dk 
viated frequently from the typical picture 
(fig. 10) 

reactions 


Dissociation of individual 


curred upon stimulation in a stratum closely 


overlying area “A”; in this study it is called 


2v, 6OF, 30sec 


mmHg 
oo 
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Fig. 10 (von Sallmann and Lowenstein). Sym 


pathetic mass discharge, showing irregular rea 


vessels in the ear. Position of 


1] mm 


tion otf cutaneous 


positive electrode and 7.0 mm 


interior 


above interaural line 


ot itive 
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Fig. 11 (von Sallmann and Lowenstein). Re 
sponses to stimulus in “border zom owme cd 
sociation between the various function Position 
elect rou 13 om mienor to and 70 


mm, above imteraural line 


the “border zone "One or the other of the 


occasionally failed to respond 


lunctions 
Figures 11 and 12 illustrate such re ponses 
In the 


participated in the eye pressure rise, and in 


former the blood pressure scarcely 
the latter, for which the stimulation point is 
shown in Figure 12b, the pupils did not 
dilate. 

Stimuli administered in the dorsal part of 


the hypothalamus and ventral portions of the 


thalamus (area “B" of Figure 7) elicited 
responses which on the whole differed from 
the patterns obtained from area “A.” A 


great variety in combinations of responses 
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of eve pressure, blood pressure, and other 


functions was encountered. The eve pressure 


rose and fell with or without accompanying 


parallel changes in systemic blood pressure 


and with or without responses of any of the 
other three functions 
Figure 13a demonstrates a dramatic bi 
lateral fall of intraocular pressure combined 
with an insignificant change in blood pres 
sure and dilation in the 
left ear The 


membranes relatively 


vascular bed of the 
auricle pupils and nictitating 
The 


stimulation point was located in the dorsal 


were mactive 


posterior hypothalamus, as illustrated in 
Figure 13b 

In other instances, moderate gradual rises 
in the eve pressure were recorded while the 
remained unchanged, Ex 


blood pressur 


amples of this combination, which was the 


most frequently observed response in area 
“B,” are shown in Figures I4a and 15; the 
location of the stimulated pot in the former 


slight parallel falls or rises of eye 


is indicated in Figure In other experi 
ments, 
and blood pressure were obtained 

Stimulation in area “B” caused no visible 
response of the extraocular smooth muscles 
while fast oscillations of the writing stylus, 
striated orbital 


suggesting activity of the 


muscles, occasionally accompanied not only 


rises but also falls in intraocular pressure 


The reactions of the vascular bed im the eat 


were far less extensive than those 
from area “A,” 
Fast, 


obtained by 


auricles 


obtained and frequently 


were absent maximal pupillary dila 


was never stimulation in 


curred frequently 


thon 


area slow, submaximal dilation o« 


DIAGRAMMATIC SKETCHES OF A 
PORTION OF THE INTERBRAIN 
SAGITTAL VIEW 


Fig 16 (von Salimann and Lowenstein Distribution plot 
showing points stimulated and resultant blood pressure re 
sponses Red @ rise, green ta pressure 


Fig Salimann and Lowenstein). Distribution plot 
showing pornts stimulated and esultant eye pressure te 
sponses. Red signifies a ‘ yree n pressure 


Vas (for identification of outlined 
tructure t, tiq, / 
NS 
O 
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DIAGRAMMATIC SKETCHES OF A 
PORTION OF THE INTERBRAIN 
SAGITTAL VIEW 


Fig 8 (von Salimann and Lowenstein) Distribution piot 
showing points stimulated and resultant peralie! responses in 
eye and blood pressure. Red sqnifies a mse. green a fall, mn 
pressure 


19 (von Salimann and Lowenstein Distribution pilot 
showing pots stimulated and resultant dissociation of re 
sponses in eye and blood pressure. The position of the wertes 
of the trangle indicates the direction of the pressure change 
The horzontal bar signifies no change. Red blood pres 
sure, green eye pressure 
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point fro ‘ response hee 


Figures 16 to 19 are composite charts tor 
25 cats in which the results are mapped 
They depict the anteroposterior and vertical 
relationship of the stimulated points projected 


The 
the median 


onto a midsagittal outline distances of 


these points from plane can bn 


seen in the reproduced frontal sections of im 


dividual brains. In Figure 16 blood pressure 


changes are plotted. The form and direction 
of the responses, as well as the points trom 
which no change in blood pressure was ob 
tained, are represented by symbols. In Figure 


17 a similar representation is given for intra 


ocular pressure response igure 18 shows 
points from which parallel reactions of sys 
temic blood pressure and intraocular pres 
sure were obtained, while Figure 19 indi 
cates the poimts from which reactions im 
opposite directions were elicited or one of 
the two functions failed to respond 

Blood pressure rises were caused pre 
dominantly by stimulation in the ventral 


thon cat ite ition of active 
wn in Figure 12a was elicited 
area “A” (hypothalamus ) and blood pres 


sure falls from the overlying area “B,” that 


is, the more ventral portion of the thalamus 


and dorsal hypothalamus. But there were 


exceptions, and responses of any one type 
were not restricted to sharply detined area 

Eye pressure rises of greatest magnituce 
the 


area “RB” both ele 


were elicited by 
area “A.” In the 


vation and depression of intraocular pres 


stumulation ventral 


dor sal 


sure were encountered, and these change 


usually were moderate, In general, the intra 
falls than did 


catte ring ol 


ocular pressure showed fewer 


the blood 


pre ssure 


pressure, and more 


increases and decreases beyond the 


inactive 


boundaries of the two area both fun 


tions, the number of points was 


greater in the dorsal than in the ventral area 


| wure 18 demonstrates that most rises ot 
intraocular pressure which coincided with 
rises in systemic blood pressur: occurred 


upon stimulation in the ventral hypothala 
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Fig 13a (von Sallmann and Lowenstein). Dis 
sociated reactions evoked by stimulation in area 
“B": bilateral fall of intraocular pressure with 
insignificant blood pressure change. Position of 
positive electrode 75 mm. anterior to and 90 


mm. above interaural line 

mus, while the incidence of parallel falls 
of the two pressures was greater when the 
stimuli were applied in the dorsal area “B.” 
It should be mentioned that the other auto 
aomic functions under observation partic 
ipated in a large number of the associated 
pressure rises (sympathetic mass disc harges 

area “A”), 

Dissoc lated responses of eye and blood 
pressure originated mainly in the dorsal area 
“BR: as illustrated in Figure 19, isolated 
elevations of intraocular pressure were the 


predominant feature in this dissociation, In 


AND OTTO LOWENSTEIN 


a few reactions, mostly grouped in the poste 
rior ventral portion of this area, the intra 


ocular pressure decreased while the blood 
pressure rose or failed to react 
A similar plot for vasomotor responses 


in the auricles of the ears was omitted be 


cause of the complexity of the results. Re 
sponses of the vascular bed in these organs 
proved to be more variable than those of 
the other 


functions. As a general rule, re 


actions on the two sides were the same in 
kind but often differed in amplitude and in 
timing. Effects of stimulation in both the dor 
sal and the ventral area of the diencephalon 
varied greatly. Simple dilations and contrac 
tions of the ear vessels, as well as biphasic and 
triphasic responses, delayed or prolonged re 


All 


stimulation effects originating in the dorsal 


actions and after effects were recorded 


area were small to moderate, in the ventral 
The di 


responses de 


moderate to extensive 


the 


area very 


rection of individual 
pended upon the general condition of the 
animal and particularly of the vascular bed 
the 


These conditioning factors appeared to be 


in the ear at moment of stimulation 
more important than the site of stimulation 
No one type of response was re gularly linked 
with the reactions of eye or blood pressure. 

Among the studied functions, the reac 
tions of the pupils, nictitating membranes, 
and palpebral fissures showed the most defi 
nite grouping in terms of topographi 
areas. Stimulation in the ventral area “A” 
elicited fast maximal dilation of the pupils, 
accompanied in many cases by retraction of 
the nictitating membranes and widening of 
the palpebral fissures. In the dorsal area “B,” 
active stimulation points yielded pupillary 
constriction or slow submaximal pupillary 


dilation while no change was observed in 


the nictitating membranes and palpebral 
fissures. 
DiscussION 
Electric stimulation in the interbrain of 


cats caused increases or decreases of intra 


= 


RESPONSES 


Fig. Sallmann and Lowenstein.) Frontal 
point from which response 
ocular pressure, depending upon the loca 


tion of the electrodes. The most frequently 
occurring responses fell into three groups 
he 


these eye pressure changes to those observed 


after of threshold 


1. Gradual responses similarity of 


intravenous myection 


doses of adrenergic drugs and the absence 


of discernible extraocular smooth or striated 
muscle reactions pot to the possibility of a 


neurovascular mechanism as the causative 


factor. Such a neurovascular intluence ap 


peared to be part of a general vasomotor 
effect at 


sponse coincided with a parallel change im 


times when the eye pressure re 


the blood pressure. Those instances m which 
the eye pressure alone reacted to the electru 
stimuli may have resulted from a local cen 
trally elicited change in the functional state 
the circulatory 


of intraocular 


has been shown® that diencephalic stimula 


system It 


shown im Figure 
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tion of cat bram. Arrow indicates active 


lja was elicited 


tion may result in vascular changes confined 
Thus, 


pre 


to a limited region of the body a link 


between these centrally elicited eye ssure 
variations and changes in the functional state 
of the intraocular circulatory system can be 
considered as a possibility 

2. Fast responses The slope of the pres 


sure changes was steep. Fast, maximal dila 
tion of the pupils, retraction of the mictitat 
ing membranes, and widening of the palpe 
bral fissures usually accompanied the rapid 
rises in intraocular pressure. This frequent 


association and coincidence in timing of eye 


pressure rises with contractions of extra 
ocular smooth muscles suggests that these 


contractions determine, to a large extent, the 
type of rise even though, in rare instances, 
fast elevations in intraocular pressure were 
smooth 


recorded in the absence of visible 


muscle activ ity 
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stimulation im 


wenstein) 


observed 


big (von 


quently reaction t area 


without parallel 


Ih": moderate rise of eye pressure 


hlood pressure change low submaximal dilation 
oft pupal Position of positive electrode tor first 
stimulus 13 mm wterior to and 10 mm. above 
interaural line: second stimulus: 1] mm. anterior 


to and 10 mum. above mteraural line 


The onset of these 
the 


3 V ery fast ve sf mscs 


was almost immediate and 


the 


reactions 


shape of pressure curves resembled 


square waves. Rapid oscillations of the writ 
the 
striated 


ing stylus and visible motions of globe 


indicated activity of extraocular 


muscles. The assumption that striate muscles 
mediate this type of response is substant! 
ated by the observed proportionality between 
oscillation rate and stimulus frequency 

Both types of fast eye pressure change 
were often accompanied by parallel varia 
tions in systemic blood pressure and vigor 
the ear auricles, 


ous vascular responses in 


indicating participation of neurovascular 
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events upon which, in these reactions, the 
effect of extraocular muscle contractions was 
superimposed 

The effects elicited by stimulation of area 
TT 


“A” usually occurred as sympathetic mi 


discharges. However, within these responss 
groups the component reactions did not al 
ways exhibit strict parallelism. Occasionally, 
one or the other was weak or delayed 

It is that a 


of any one of the effector organs Was Cause d 


conceivable state of mertia 
by factors such as low prestimulation pres 
sure level, depth of anesthesia, temperature 
variation, or interference by afferent stimul 
which resulted from the operative procedure 
However, inertia of one of the effector sys 
sole cause of 


tems could not have been the 


disproportionality because at times strong 
responses were elicited in the close neighbor 
hood of points from which no or only weak 
reactions had been obtained a short time be 
fore The inference then, from such dispro 
portionality, is that even in sympathetic mass 
discharges no complete diffusion of individual 
factors exists 

dorsal 


Results of stimulation in the more 


area “B” permit a more definite answer to 
the question of the dependency of centrally 
elicited other 


autonomic functions, particularly the blood 


changes of eye pressure on 


pressure. Frequently, stimulation in th 


area resulted in elevations or falls of mtra 
ocular pressure which were isolated events 
and apparently were in no way connected 


with changes in systemic blood pressure, o1 
in the the 
Although there is no definite proof that thes 


activity of extraocular muscles 


responses are vascular in nature, such an 


explanation appears to be the most plausible 


at the present time. Pupil dilation was slow 
and submaximal, a type which was shown 
in previous work® to survive cervical sym 
pathectomy but to be abolished by atropine 


and hence to be caused by inhibition of the 


third-nerve nucleus, The sympathetic type of 
pupil response (fast, maximal dilation) was 


evoked by 


stimulation in area “B.’ 


never 


Ca Pupil Action 
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SUCCESSIVE 


In individual experiments, 


stimuli applied to a relatively extensive re 
gion in area “B” elicited analogous reactions 
but no area vielded consistently in all cats 


similar responses. Theretore the assumption 


center exists 1s not warranted 
likely that the 


stimulated at 


that a large 


same fibers were 


It more 
various sites m their course o1 
fiber bundles 


common center, were involved, The 


belonging to a 


fact that 


that several 


the minimal 


change in the location of the electrode pro 


Sallie 


stimulus applied after a 


duced different or even opposite results gives 
added weight to this supposition 

The information gained in histologic ex 
the 


the reference of response types or combina 


amination of brain sections permitted 


tions of re sponses to anatomic areas but not 


to specific structures; the active points did 


not show distinct topographic relation to 
identifiable cell groups or fiber tracts. More 
over, the precision of localization of stimu 


lated points 1s limited. It is well known that 


of cat brain. Arrow indicates active point trom 


l4a was elicited 


even fine, sharp electrodes push and bend 


relatively rigid brain structures such as fiber 


tracts before they penetrate. In addition, the 


direction and extent of the spread of cur 


rent through the surrounding tissues de 


pends on the tissue conductivity as well as 
the polarity and voltage of the current ap 
plied lf it 


produced by the stimulation of fiber tracts, 


hould happen that responses are 


the intensity of the effect can be altered by 
the fibers to the 
These 


sources 


the orientation of relative 


direction of the stimulating current 
are only a few of the many pos ible 
of error which must be considered in any at 
tempt to relate neurophysiclogi data to spe 
cific anatomic structures 

The present study gives a description ot 
combined, 


response patterns, individual or 


of several autonomic functions to electric 
stimulation of dispersed points in the inter 
brain of anesthetized cats. Inasmuch as this 
report covers a relatively limited investiga 


tion of an extremely intricate problem, it 1s 


- 
“« 
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Fig. 14b (von Sallmann and Lowensteim) Frontal section Ze 
which response illustrated 
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Fig. 15 (von Sallmann and Lowenstein). Fre 
quently observed reaction to stimulation in area 


“B": moderate rise of eye pressure without parallel 


blood pressure change; pupils remain inactive. Posi 
tion Of positive electrode 1] mm. anterior to and 
Il mm. above interaural line 


confined to factual material, Since neither 


elaborate discussion nor theoretic consid 


erations will be included, there is no need 
to review the extensive literature in which 
the hypothalamus, on the basis of clinical 
evidence, has been proposed as the center for 
autonomic regulation of the intraocular pres 
sure. Thus, a possible correlation between 
experimental results and problems of pa 
thology of intraocular pressure in the human, 
and of dissociation of the respective pressure 
levels in essential hypertension and glau 
coma are not debated in this paper. 

The described results, while answering a 
few questions, pose many new ones 

The experiments have demonstrated that, 
under our « xperimental conditions, electrical 


stimulation of areas in the interbrain of cats 
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interferes with the regulation of the intra 
ocular pressure. The mechanism of action 
for these responses remains obscure and 
afferent and efferent pathways as well as 
the site and nature of receptors and effectors 


are unknown. 


CONCLUSIONS 

1. Electric stimulation of numerous points 
in the diencephalon of cats induces varia 
tions in intraocular pressure. Some of these 
responses appear to be neurovascular in 
nature. In other instances, the neurovascular 
mechanism is apparently a minor factor and 
the 


dominantly shaped by contractions of the 


eye pressure changes seem to be pre 
smooth or striated extraocular muscles 

2. Intraocular pressure effects frequently 
blood 


pressure, the activity of the vessels in the 


coincide with changes of systemic 
ear auricles, the pupils, and the nictitating 
membranes Analogous reactions of all five 
observed functions to stimulation of a ven 
tral zone in the hypothalamus indicate a 
diffuse discharge via the sympathetic nery 
ous system, The response of the component 
functions im a mass discharge may be grossly 
disproportionate 

3. Stimulation in a more dorsal area in 
cluding the dorsal hypothalamus and the 
ventral part of the thalamus, or in a border 
Zone between the two areas, brings about eve 
pressure changes which are often isolated 
events or are accompanied by various com 
binations of reactions in the other recorded 
functions 

4. In histologic preparations of the ex 
perimental area, approximate localization of 
active stimulation points was established 
Distribution plots are presented to show the 
topographic grouping of points from which 
electrical stimulation evoked the various 
types of reactions 
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It is an honor and a particular personal 
pleasure to give the opening address in the 
dedication of a great laboratory for research 
mn ophthalmology 

It is an honor because I am convinced that 
this laboratory, in its affiliation with one of 
America’s foremost medical schools, 1s 
founded on a solid and enduring foundation, 
that it 
tween 


that it 


will maintain the proper balance be 
screntit 


the 


clinical and investigation, 


will be a center tor advancement 


of knowledge, and for the training of in 


vestigators and teachers. Lecause | beheve 
investigation and teaching are the heart and 
the 


indeed an 


core of profession of medicine, it 1s 


honor to participate in the in 


augural ceremonies of an institution dedi 
cated to these ends 

It is a personal pleasure because this new 
laboratory will be headed by men whom | 
have admired and respected over many years, 
and because it is named for a man whom | 
knew in the early days of my professional 


life. His professional interests in his latter 


Maryland 


the field of ‘re 
search in the pathogenesis of blinding ocular 
Nothing 
the 


days lay almost entirely in 


more fitting 
I. Proctor 
lab 


research 


could at 
late 


lise sist 


monument for Francis 


than to have named for him a great 


oratory dedicated to ophthalmic 
The thanks and gratitude of American Oph 


voto Mrs 


her great 


thalmology Proctor for 
vift for the advancement of scientific oph 
thalmology in its continued effort to alleviate 
from mankind the curse of blindness 

| have been asked today to talk on the 
gon ral subjec tof research in ophthalmology 
Rather than attempt a line-by-line resume of 
what has been accomplished or give a cata 


loguing of what remains to be done, I should 


prefer to consider the broader questions of 


research, 1ts 
late 
and the broad problems now before us 1 


development of ophthalmic 


beginnings in America, its flowering, 
we are to accelerate the pace already set 

If one dates the beginnings of ophthal 
mology from the Babylonian Code of Ham 


murabi of about 2250 B.C. and the Egyptian 
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I-bers papyrus of about 1550 B.C., one finds 


a curious mixture of legalistic jargon, df 


superstition, of religion, and of magic. For 
well over a thousand years, to the time of 
Hippocrates in the fifth century B.C., these 
were the dominating ideas in the practice and 
therapeutics of ophthalmology Hippo rates 
himself may be said to be the first real in 
vestigator not only in general medicine, but 
also in ophthalmology. He completed the 
separation of scientific medicine from temple 
practice, cast away completely all ideas of 
theurgy and magic, and introduced the sci 
ence of observation and inductive reasoning. 


As the 


tributions here were not great. Obsessed by 


“Father of Ophthalmology,” his con 


the ideas of humoral pathology, his ideas of 
ocular physiology, anatomy, semeiology, and 
therapeutics are now only of historic inter 
est. Nevertheless, in casting aside the dogma 
and superstition of the past, he stands with 
the 


one who placed ophthalmology on a sound 


out peer as the first great investigator 


foundation from which to build 

The story of the advance of ophthalmol 
ogy then passes through Aristotle, with his 
almost-modern ideas of the physiology of 
vision, to the Roman school of Celsus and 
on to Galen, the great anatomist and physi 
ologist of antiquity. Then, with a few notable 
the 


most to an abrupt stop 


of advance comes al 


tradition of Grecian and Greco-Roman oph 


exceptions, story 


remnant and 


thalmology was preserved for a time by the 
What 


advances there were throughout the Middle 


Byzantine school and finally died out 
Ages were due almost entirely to the Arab 
ian school which kept flickering dimly, and 
occasionally brightly, the wavering lamp of 
ophthalmic research 

In the west, the picture was even gloomier 
Through the Dark and Middle Ages oph 
thalmology languished, the guiding precepts 
being the surviving remnants of the Greco 
Roman dogma. Somewhere, about the begin 
ning of the I4th century, some unknown 


genius, either eastern or western, invented 


spectacles, which were later rediscovered by 
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de Spina. It is peculiar that in the 15th cen 
the 


literature, 


tury, with renaissance in art, natural 


science religion, and statesman 
ship, little or nothing was contributed to the 


advance of ophthalmic serie iwlogy, pathol 


The re were, howe ver, 


notable advances made in phy siolog 


the 


ogy, and therapeusis 
ic optics, 
as exemplified by brilliant work of 
Leonardo da Vinci 

The 17th century was notable in ophthal 
mology for the discovery of the true position 
of the lens by Fabricius, the establishment 
of the actual nature of cataract by (Juarre, 
the anatomic descriptions of the Dutch apoth 
ecary Ruysch, the further advances in optics 
by Kepler in Germany, and above all by the 
\nton 


hoeck, who first studied sections of the eye 


histologic studies of van Leeuwen 
microscopically and discovered the rods and 
the fibers of the 


and the epithelial layer of the cornea. The 


cones of the retina, lens, 


18th century has well been called the “cata 
ract century” since it is high-lighted by the 
first modern operation for extraction of the 
With the 


Jan, and de la Faye, 


lens by Jacques Daviel contribu 


tions of Daviel, Maitre- 
the 18th century marks the ascendancy of the 
Fren h school 

These early studies on ocular anatomy, op 
tics, and elem ntary pathol wy, toge ther with 
the development of ocular surgery, slowly 
built the foundations on which modern oph 
thalmology is based. While it is undoubtedly 
that the 19th century marks the begin 


ning of modern ophthalmic research, let us 


true 


not for a moment forget those giants of 
yesterday, restless souls without equipment, 
who groped eagerly into the unknown, and 
there found, piece by piece, the cornerstones 
which made possible the advances of the 19th 
and 20th centuries 

It is impossible here to review, or even to 
enumerate, the great advances of ophthalmi 
the 19th Chis is the 


which marks the discovery of bac 


research of century 
century 
as a cause of disease, the introduction 


the 


anesthesia, the beginning of modern physio 


teria 


of surgical asepsis, introduction of 


RESEARCH IN OPHTHALMOLOGY) 


logic chemistry, the intensive study of cel 


lular pathology, and other advances too 


numerous to mention. Ophthalmic research 


in Europe profited by and kept pace with 


these advances. In England, the 19th century 


and 
William Bow 
Nettleship, 
and the establishment of the Royal Ophthal 


host of di 


Im 


was marked by the great 


clinical mvestigations of Su 


man, the pathologi studies of 


mic Hospital, with tts tinguished 
scientists indinavia, 


Holland 


centers developed, led by 


surgeons and 


Switzerland, and research 


men of interna 


tional reputation. Dut above all there came 


the outburst of ophthaln research m Cret 


many and Austria with the development ot 


the Teutonic school of ophthalmology, which, 


for almost half a century, 1 ade these coun 


tries the centers and Mececas of the ophthal 

mic world 
What a 

thalmology ! 


Leber, Arldt 


almost imeredibl 


“{ rolde thi 
Von (sraete 


and others 


was for oph 
and his pupils, 
brought forth an 
vivances in 
medical and operative ophthalmology lab 


with the 


number of 


oratory investigation kept pace 


clinical advances jutstanding ex imple Ss are 


Cohnheim's researches on inflammation of 


the cornea, Leber’s studies on the aqueous 


and the genesis ol inflammation, Helmholtz’s 
and other 


invention of the ophthalmoscope 


contributions which almost defy a 


1870, the 


dramatic 


cataloguing. By flower of ophtha! 


mic research in Germany was in full bloom 


and it so remained until after the turn of 


the century. Thereafter, like so many of the 


sudden Teutonic outbursts of brilliance and 


genius, the quality, but not the quantity, of 


atl lowl 


ophthalmic research to decline 


fade, and came to an abrupt end with 


World War 
on the 


and 
the beginning of the first 
It is interesting effect 
of the 


of ophthalmology in 


Teutonic school on the development 
America 
or not the advances there stimulated ophthal 


Here 


Is a pee uliar one and the answer to this ques 


and whether 


mic research in this country the story 


tion 1s that, while the upsurge of ophthal 


had 


on the practice ol ophthalmology in America, 


mology Europe a profound eftect 


stimulate research. If we begin 


rick, 


and ts 


it did not 
who graduated in medi 


called the 


first of American ophthalmologists, we find 


with George 


cine in 1815, commonly 


he studied in Vienna after graduation, re 


turned to America to practice, wrote various 


minor papers on clinical subjects and finally 


returned to Europe to finish his days If we 
examine the biographies of the great \mert 


an ophthalmologists of the 19th century, 


we find almost invariably the same pattern 


Che great majority of the leading Amer 


can ophthalmologists of this era spent con 


siderable time in the great ophthalmic clinics 
of Austria and Germany and then returned 


to the United States shining with the pres 


tige of European study tut their studies 


appear to have been limited to clinical pra 


tice and surgical technique, The germ tort 


ophthalmic research was not inoculated in 


them or, if so, it fell on barren soil, for 


when they returned from their studies 


abroad they plunged immediately into pra¢ 


tice and teaching and had neither the time 


inclination tor laboratory research 


New 


individual attempts to 


nor the 


Occasionally, as in Orleans and in 
Chicago, there were 
Baltimore 


Rabe rt 


tudy ophthalmic pathology In 


just before the turn of the century, 
L.. Randolph began some serious investiga 
tions in experimental pathology and in oph 


thalmic bacteriology But these occasional 


individual efforts were in the mam transitory 


and futile. Clinical diagnosis and surgical 
technique were the vous of the day 

The era of special ophthalmic hospitals or 
infirmaries had begun some years previously 


with the short-lived New London Eye In 


firmary founded in 1817. This was soon fol 
lowed by the New York live 
Philadelphia 
Pennsylvania Infirmary which merged with 
the Wills Hospital in 1834. The Mas 
etts Eve and Ear Infirmary was established 
in 1824 others the 


overt But these 


and lear In 


firmary, the Infirmary, the 


sachu 


and a host of country 


institutions were all exactly 
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what they purported to be, buildings in which 
to treat and house patients with ocular dis 


ease. Any laboratory facilities they possessed 


were rudimentary, I-xperimental investiga 
tion was nil. Here, America lagged a full 
half century behind European ophthal 


mology 

With the beginning of the 20th century the 
were asked 
who | first spark 
which kindled real interest in ophthalmic 
America, | 


rederick 


began to brighten. If I 
the 


picture 
believed supplied 
should unhesitat 
ingly answer Verhoeff, who has 
recently celebrated his 80th birthday. And 


| would say this with all respect to the truly 


pathology im 


great ophthalmologists I knew in my youth, 


whose clinical attainments, contributions, 


hieh character, and scientific knowledge | 


admire without reservation 

Verhoeff graduated in medicine in 189 
and a year later he was studying pathology 
at Harvard, and shortly thereafter was en 
sconsed in a small but enduring laboratory 
devoted to the study of ophthalmic pathology 


or two decades he was much of a lone 
voice crying in the wilderness, but the ex 
ample of his small laboratory, and the re 
search contributions therefrom, made thei 
mark on American ophthalmology and 
awakened ophthalmologists to their vital need 
for a background of pathology and gave 
them an awareness of America’s sad neg 
lect of research in their own field. One by 
one, young ophthalmologists began to ven 
ture into the unknown, begging or borrowing 
laboratory facilities wherever they were 
lucky enough to find them, supporting thei 
investigations sometimes by small university 
grants but as often as not out of their own 
pockets, The fire was smoldering; it needed 
only fanning to burst into flame 

the 


schools and university hospitals, as a rule 


organization of American medical 
ophthalmology had always been a subdepart 
ment of surgery and the general surgical 
service. Here it languished as an orphan 
stepchild, dependent for nourishment on any 


crumbs which might fall from the surgical 
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feast table And few were these crumbs! 
Usually only one or two beds mn the um 
versity hospitals were allocated to ophthal 
and these were available only when 


lucky 


obtain them before they were appropriated 


molog 


the ophthalmologist Was enough to 


by his surgical colleagues. There was littl 


from the protessors ol 


or no leadership 
technically in charge ot 


hese 


guished surgeons though they may have been, 


surgery, who were 


the subdepartments men, distin 


were lamentably ignorant of the special 
problems concerned in ophthalmology 
In 1925, the Wilmer Institute was or 


Johns Hop 


ganized and established in The 


kins University as a full-time university De 


partment of Ophthalmology with an ad 
quate independent endowment. This was 


followed by rapid repercussions in other 
hools 

In Washington University the Depart 
ment of Ophthalmology was organized on a 
full-time basis in 1928, and the Oscar John 
son Institute was established in 1931 

In Boston, the Massachusetts Eye and 
Kar Infirmary became more closely athliated 
with the Massachusetts General Hospital, in 
1928 the 


as a great research center, and in 1948 the 


Howe laboratory was established 
Retina Foundation was added to its research 
armamentarium 

The Institute of Ophthalmology of Co 
lumbia University was established in New 
York in 1933. In 


over the entire country the departments of 


many other universities 


ophthalmology were given independent stat 
us, their hospital beds increased in number, 
and facilities for clinical investigation and 
for laboratory research were provided. To 
day we dedicate the Proctor Laboratory 


the newest star in the ophthalmic research 


constellation 
Thus we have a development in ophthal 


mology, beginning well over a_ thousand 


years ago, slowly reaching America, and 


within the last three decades suddenly burst 
ing the 
well-rounded ophthalmic 


into flower with establishment of 


researc h labora 
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tories. We may now we isk ourselves cet 
tain questions 

What are the unsolved problems in oph 
thalmology today How hall thes il 
tacked? What the role of the rese rch 
laboratory in the attack? How shall the re 
search laboratories hoe organized to face theit 
tasl 

The problems tacing the investigator im” 


inv and diverse 


ophthalmology today are so 


that an ittempt to catalogue ther would be 
impracticable lo mention but a few: While 
we have mace great trides in. the study 
of the etiology ot vlaucoma and uveit 

there is still an immense amount yet to bn 
done. Our ignorance of the cause of sé nile 
cataract is almost as great as it Was In the 
davs ot Hippocrates hile Wwe have Tat 
net ible wivanees mm the know ledge of the 
etiology and treatment of mnftectiou disea 

there are till great yaps to ln bridged Cour 
understanding of the physiology and intet 
play of the retinal ele ent the ictual 


entary, In 


mechanism ot ion ele 
perfect as is our knowledge of the etrolo 
of many ocular disease our chagnost 
irmamentarium ts still le Man 
etiologic agents which have been merin inated 
as causes of uveit cannot vet be recoyn el 
or diagnosed clinicall (dur therapeu 1s 1s 
equally inadequate W hile the ntroduct on 
ot chemotherapeut ent 
have helped immeasut ibl n the treatment 
of many disease entitte there are many 
known infections which are till bevond 
then therapeuty SCOP ‘ e« of our con 
monly used surgiea ire almost 
medieval in their concept. There ts no lact 
of problems which await solution, How shall 
they be attacked 

They must be attacked by both clinical 


and experimental resea ch. Clinical invest 
gation the study of semeiology, of surgical 
technique, of diagno ind of therapeu 

The of any ciagnost procedure ot 


the value of any ther ip ul cle ve 


ined 


in the laboratory must fina be detert 


in the actt 


toot 


linical investigation, It 1s impos 


sible in the climeal evaluation of any new 


therapeusts to provic i pertect 
No two patients are 


countle ss 


moc ot 


control seri exactly 


altke ind there are iriably 


yond the control ot the 


vithhold 


in order to 


traneous tactors ln 


jhysician. It is dittcult to ill thes 
| 


ipy trom any group ot patients 


compare the result obtamed in a tre ited 


yroup ind it likew ‘ usually mpossible 
obtaim biops material toe ilunate the ettect 
ofany avent. Ina ther utic evalu 
ation, all the clinical investigator can say ol 
any new procedure 1 that the treated patient 
did better or did worse than in his estima 


been 


tion similar patient vould have 
pected to do under conventional therapy 
lhu we have the introduction of the per 


baa ind 


onal equation eXpel 


ment 


| xperumental research m= it broach 


meaning is essentially the laboratory mvest 


the hi tologn ph chem 


vation ol 


eal. and immunologic change produced by 
nfectious, neoplast metabolic, or degenera 
tive disease. includes experimental pathol 
ind therap Ist the «lh clopment ol 


ciagnosty proced ire ind the ¢ x plot ition of 


the pathogen of disease. The laboratory 
investigator 1 not under the handicap 
which beset the clinician. He ts able to con 
trol idequately hi experimental touche to 


et up a control ort of the inne breed 
race, Sex and wea his test anim il to keep 
them under identy i} condition ind to evalu 
ite accurately the effect of the on on or 
mclusion of any spe fi tactor He 1 able 
to kill test anim ils at any stave ol his « 
ent so obtain material tor histologn 
evaluation. He is limited only by humam 
tarian principle ind by the taciite vail 
able to hin 

What the role ot the modern re earch 
laboratory thi expe nental mvestiga 
tion? It must assume leadership and cari 
the major portion of the burden Brillant 
individual contr bution may ¢ wate tron 

nall laboratories and trom the tone olye 


limits to 
patient but there are cistinet 
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pecial problems, but the imdi 


make a 


must almost 


working on 


vidual investigator who brilliant 


discovery in a small laboratory 


invariably turn to the large, well-organized 


research centers for the full fruition of his 


discovery. Research today 1s so complicated, 
invades so many disciplines, that it requires 
a well rounded laboratory able 


to tind the 


to command 


any needed facility full solution 


of the problems which beset us 


It is rarely possible now to discover the 
cause of a disease by the simple procedure 
moculation of culture 


of venipuncture and 


media! With 
today are the result of 
labor Wi 


man building on another's 


few exceptions any advances 


rrvaacle long and 


arduous proceed one step ata 


time, one work, 
care fully exploring bypaths im the hope of 
road, often arriving at a 


finding an open 


retracing one’ and then 

This 1 

of modern research 
When on 


even though it may appear clearcut and well 
what the 


dead-end, steps 


beginning agaim largely the pattern 


undertakes a problem to«lay, 


defined, one does not know result 


will be, what unsuspected vistas may be 
opened up, or where the investigation will 
finally lead. Therefore, much as I beheve 


in searching for the budding genius and 


encouraging him to the fullest, concerned 


as | am with the necessity of expanding 
meager facilities and establishing new ones, 
in the main it is to the established labora 
tories that we must look for the future great 


advances in ophthalmology 
Almost without exception, these endowed 


laboratories for ophthalmic research are 


part-and-parcel of great imstitutions of 


learning, institutions which have been nut 


tured im the tradition of knowledge, and 


where there are available consultation and 


advice nm all the manifold disciplines of 


which modern medical science ts composed 


Here the responsibility does not rest on the 


shoulders of an individual investigator but 


on the laboratory as a whol Here sus 


tained research into the great problems of 


glaucoma, uveitis, metabolic diseases, neuro 
Here 


physiology, and the like ts possible 
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one must look for the olution of these 


problems Here, within limits, continuity ot 
effort can be assured 
How should a modern labor itory or m 


stitution dedicated to ophthaln Tr 


be orgamized? To this question there will by 


as many different answers as there are m 


dividual viewpoints. The ultimate answer 


must be furnished by the director of the 


him rests the major re 


laboratory for on 


sponsibility for success It is his duty to 


determine the main lines of investigation, to 


select the personnel for the various teams 


to mtegrats and to co-ord nate the variou 
activities. He must keep in touch with th 
progress and developments of the individual 


lines of research, he must meet the probler 


of his juniors with sympathetic understand 


ing. It is his responsibility to allocate the 


funds and space at his disposal and to ob 


tain mecessary needed support to the end that 


maximum results be obtained and all pert: 


nent avenues be investigated. To discharge 


prope rly these duties and re spon ibilities he 
must have a free hand in the organization ot 


his laboratory or institute Pherefore, no 


set rules for organization should be laid 
down by trustees or by any higher echelon 
There are, however, a few cardinal prin 


ciples which experience has taught us are 


important. It is especially pleasant to en 
phasize these here, for the reason they have 
already been foreseen and incorporated in 
the organization of the laboratory we dedi 
cate today 

abo itory 


rounded 


First and foremost, the research 


should be 


an mtegral part of a we 


educational institution, where the mecessary 
ancillary and consultation services wall be 
available. Only thus can the contmuity of 
purpose and orgamzed investigation be en 


W hile 


calibe 


sured endowed private nstitution 


of the 


Rockefeller 


and size of the 
Institute offer sucha guarantee of contimurty 
such mstitutions now and littl 
the 


American medicine, the 


there are tew 
hope there will be many more pres 
ent organization of 
privately endowed research laboratory should 


be part-and-parcel of a university school of 
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nedicine If established as a private enter 


prise, it may flourish for a while under the 


impetus of the great man who originally ob 


tained the funds, or n burst into second 
bloom under some gifted successor. But ex 
perience has taught us that sooner or later 


the research laboratory divorced from unt 


versity connections will gradually wither and 


may even deteriorate to the point where 1t 


is little more than a center tor routine diag 


procedures 
Secondly, | clinical facilities 


hould bn 


nothing to be 


belie the 
and research laborator in close 


There 1s 
and much to be lost, by 


apposition vained, 


the divorce of clinical 


and « Xperime ntal activitie lhe chnican 


gains much from contact with the laboratory 


worker and he in turn gains equally from 


association with the clinician. The mmedi 


ate availability of clinical material ts of def 


inite value for the investigator of bacteriw 


and phy ologn problen 


le pile chemical 


and such juxtaposition is essential for the 
clinical investigator who utilizes laboratory 
procedure \ wide geographi eparation 
of laboratories and ward i definite hand 
cap in any re earch program 

The next important point to my n ind ts 
the maintenance of flexibility the allocation 


ot fund and physical pace hould bee bea ed 


on the requirements of the problem under 
active investigation, and not on the pattern 
of maimtaimmy speerh ibdepartments, Ob 
viously we must have laboratori pri irily 
devoted to pathology to bacteriology and 


to chen trv, but pathology mere mith ib 
normal physiology nto chemistry 
bacteriology, into immunology. When am 
mal operating roon ind pecial laboratories 
are no longer needed tor the purpose for 
which they were originally designed, let 


them ten porarily be allocated for some use 


ful purpose, rather than remaim as tomb 


stones tor 


completed endeavor, It is 


better to have some duplication of equipment 


effort. rather than to segregate rigidly 


and 
specifi ipline Ss into separate pigeon holes 


he free interplay of various scientific in 


quiries is of inestimable educational value 


This same plea for flexibility in the phys 


ical orgamization of a research laboratory 


appli . also to personnel (dncee a man with 


the proper qualities for an investigator has 


been found, as far as humanly possible in 


the organization of the research 


he should be 
both the 


program, 
allowed unlimited freedom to 


explore highways and the byways 


of his problem and should never ln limited 


to a set schedule or program, That the grant 


my ot such freedom may at times be embat 


rassing is obvious. But | believe it pays, and 
| 


the trained investigator, employed for a 


specific purpose, who has gone off on a tan 


gent of his own, as a rule returns from his 


excursion into some Elysian fie ld the richer 


and the better for hn 
Ihe steadily 


unorthodox pilgrimage 


mecreasing cost of medical 
research presents a peculiar ind ever-present 
problem in the administration of a re earch 


Medical research today 


and h yeat 


center is costly and 


expensive, becomes st) 


The original endowment given by philan 


benefactors furnishes the initial 


and the 


thropu 
hard 


equipment nece irv core of 


money for maintenance. But as the research 


program develops and new vistas of invest! 


gation open up, the endowment ts rare] 


there is usually a continumg 
funds. It 
lool 


support Thi 


vdditional 


suthcient 


need lor almost use 


less in these days to to private phi 


lanthropy tor ource has 


dwindled to a trickle under the tax load. ‘The 


various foundations are largely committed 


to their own project and whilk isionally, 


they may make substantial and even large 
grants for a specific purpose, they cannot 
be counted on to carry the day-to day load 


earch 


Ihe If 


rathes 


maugurate§ re 

More 
are forced to seek governmental fund 
lical 


result is that today grants-in-aid from various 


function is to 


than to sustaim it and more we 


for the 


support of me investigation. The net 


federal agencies constitute a frighteningly 


large portion of our research budget 
{ use the word “frighteningly” without 
anv criticism of the government agencr 


for | belheve their re por ble administrative 


otficers set the problet clearly and it is my 


ALAN 


conviction that, by-and-large, they have done 


a superb job in apportioning the funds at 
The chief problems contront 


project grants and institutional support, and 


then disposal 


ng these agence are to between 


how to assure continuity of such support, 


once it is granted 
(jrants-in-aid for have 


specihe projects 


certain obvious features in their favor. The 


individual projects can be carefully seruti 
nized, reduplication of effort can be avoided, 
the wheat can be separated from the chaff, 
and a widespread geographi distribution of 
governmental aid pos ible Project grants 
have the disadvantages of lack of flexibility 
No one can prophesy whether or when the 
original problem for which support has been 
yvranted may prove futile , or how it may de 
ve lop as new avenues for investigation be 


Thus the investigator may 


aheld 


The program laid down in the 


come apparent 


find he is wandering far from his 


original goal 


original project may handicap rather than 


accelerate the development of the investiga 
lo meet this 


tron situation, grants tor im 


stitutional support have been suggested 


The essence of this proposal is that 
established imstitutions, university depart 
ments, or endowed laboratories of proven 


merit and production, be given blanket grants 
to expand and support their research pro 


grams, Such a proposal, if adopted, would 


immediately remove the restrictions oft 


grants-in-aid for specific projects and allow 


the directors of the departments or lab 


oratories to abandon futile or sterile investi 


gations and turn their energies into produc 


tive channels. But such institutional grants 


have the disadvantage that there are but 


few ophthalmic research laboratories which 
can properly qualify for them, and the 
governmental support would of necessity be 
restricted to a few mstitutions with a rela 
tively narrow geographic distribution. Is this 
the proper manner in which to distribute the 
taxpayer's money? | would dislike to answer 
the question! 

Che question may have been largely settled 
by the graduate 


introduction of the new 


WOODS 


training programs of the National Institutes 
of Health. | 


in 


nder this new prograt yrant 
| 


made to mstitutions of endowed 


laboratories, not for specihie rese ircl pro] 


ects but for the purpose al ampli ny thei 


research and training programs These 
yrants are remarkably free of restrictions 
They provide funds to research laboratories 
and teaching hospitals for the purpose ot 
increasing their facilities and training addi 
tional personnel in special d plines and 
clinical the lds Thus research will i” pro 
moted and investigators and teachers pro 
vided for tomorrow. Such a program will 


vo a long way in solving many of the im 


mediate financial problems facing our rr 
earch laboratories 

The problem of continuity of support is a 
ditheult Insti 


tutes of Health are now usually made on the 


(srants by the National 


basis of a five-year commitment. Lut each 


vear the mstitutes must await ional 


congre 


ippropriation before they can disburse funds 


and fultill their obligations That these 
avencies have never yet failed then 
promises is a tribute to their foresight and 
integrity. But they are dependent on con 


gressional action each year, and though thi 


action has been constant, it can never be 


yuaranteed, and at the end of the five-year 


period, there is no certainty the grant will 


be renewed, It takes a long time to build up 


research team, and it ts difheult to 


able 


they can be assured a reasonable 


proper 
recruit and trained specialists unles 
of office. One break in the flow of govern 
ment funds and a carefully built-up research 
organization may be almost immediately dis 
organized, This disturbing situation is fully 


realized by the administrative officers and 
study-panels of our governmental agencies 
they 


But 


and, be it said to their eternal credit, 


have done all in then power to meet it 


the problem of guaranteeing continuity of 


support still remains, and it is frightening 


when we consider the magnitude of our ce 
pendence on annual grants-in-aid 
to the ind most im 


This brings me final 


the selection of person 


portant part of all 
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nel. There is no substitute for brains, Ap 


paratus, money unlimited facilities 


space 
all take second place to the tramed, observ 
ant, and imaginative mind. We may there 


lore ask 


whi h 


ourselves what are the qualities 


make a successful investigator, and 


what should we look for in the individual 


man 


should — be 


Research ts 


Primarily the investigator 


motivated by imqutsitiveness 


fashionable today and unfortunately some 


would-be investigators appear to be moti 


by a desire for the distinction 


} 


vated more 


and promotion they may obtain trom a suc 


cesstul piece ol work, rather than by scien 


The ™ 


ed and 


tific curpsity morning glories are 


usually short-liy wither early on the 


vine. The real investigator is not animated 


by any idea of personal gam or distinction 


but rather by a thirst for truth 
But 


mere mquisitiveness is not enough 


The successful investigator should also have 


the combination of a well-trained mind, a 
curate powers of observation, and the ability 
to capitalize on hi ind others’ tindings 


should 


to accept ill-founded dogma or 


own 


an individual who ts unwilling 
tenuous con 


semble all 


the facts pertinent to the questions at hand, 


cepts He must search out and a 


ascertain what others have done, determine 


and which existing 
base ad 


his own probl 


Im the 


the thoughts forms on 


concepts are and so finally formulate 


attack on the problem the mn 


portance of accurate observation, imagina 
tion, and originality cannot be over-empha 


sized he 


importance ot 


man who 1 able to realize the 


chance and apparently unre 
lated observations and adapt them to his 
individual investigation is often the one who 
solves the 


Richard M 


phrase 


important problems The late 


Pearce expressed this in the 


“chance and the prepared mind,” and 
Cannon has emphasized much the same idea 
when he uses Walpole’s term “serendipity” 

the combination of accident and sagacity 
loo often the obvious method of attack on 
a problem has already been explored and 


found futile, and the successful investigator 


is the one who has not only the brains to 
formulate his problem but also the mmagina 
chance 


tion to appreciate findings and the 


originality to devise a new approach 
rarely a sudden in 


Usually 


study, knowledge, and of 


Originality 1s only 


spiration or revelation it is the re 
sult of hard work, 


clear and logical thinking. W. W 


criticism,” 


Story m 


his poem “A has 


contemporary 
beautifully summed up the essence of this 
quality : 


“In one sense no man is original 
Art, Science, 
Yet each 

| nto hin se] 
| ims Men 1! us! as 
\\ jt iks at last his ind 


all thors een ind heard, 


rrowers and begg: are we, ¢ 
grow up trom 

mpathies 
steps to rise, 
vidual word 
tree result ot 
s in the noblest sense original 
leach to himself must be the final rule 
i 


Supreme cictator to reject or use, 


employing what he takes but as his tool 


Lut he, who sell 
\ll aid of man, must be a god or tool 


uffirent, dares retuse 


lo these qualities of originality and im 


agination, the successful investigator must 


add the 


hurmulity 


personal quality s of intellectual 


and honesty——the willingness to 


learn from others and to accept justified 


criticism. Hle must be his own severest critic, 


willing to abandon his preconceived ideas 


in the light of new scientific findings, It 


takes a brave man to admit the error of his 


previous bn hefs when he had been convinced 


they were based on a solid foundation. Com 
bined with these rare qualities, the man who 
himself to a life of 


truth must be 


decheates investigation 
willing to 


life 


and search for the 


forego many of the material things of 


Unfortunately, in this country, the financial 


reward does not yo to the scientist or the 


investigator, He must find his recompense 
in the joy and the pleasure of his work, and, 
very occasionally, in his accomplishments 

1 extend to the 
and best 
shall 


laboratory 


In closing, may Proctor 


|L.aboratory my sincere wishes for 


confident | follow the 


this 


success. I am 
development of with high 
price and deep yratihecation that | have been 
permitted to participate in its dedication, 


The Johns Hlopkins Hospital(5) 


PERSONAL RECOLLECTIONS 


THE EARLY YEARS OF THE OPHTHALMI 


LABORATORIES OF THE 


MASSACHUSETTS Eve AND Ear INFIRMARY 
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Consulting Chief of Ophthalmology, Massachusetts Eye and Far Infirmary ; 


Vernorrr, M.D 


ssor ot 


Profe 


Ophthalmology Research, emeritus, Harvard Medical School 


Boston, 


been 


greatly interested in ophthalmic research and, 


Throughout my adult life have 


am the only ssor of 
al 
with clipped 


so far as | know, 


ophthalmic research there 1s or ever was, 


though now an emeritus one 


wings It therefore gives me great ple asure 
to be on this program for the dedication of 
the 


greatly 


1s 


This pleasure 
that 


Laboratories 
the 
when I came to Boston, exactly 54 years ago, 
Dr 


Proctor 


enhanced by recollection 
Proctor was one of the first to welcome 


He had been at the Massa 


chusetts Eye and Ear Infirmary and at the 


an interne 
time of my arrival was an assistant oph 
and had acquired a 
Although 


he would soon have been appointed a full 


thalmic surgeon there, 


large private practice in Boston 
surgeon, he resigned from the infirmary im 
1900) because he 
proper attention both to his duties at the in 
\t that 


years afterward, the 


felt that he could not give 


firmary and to his private patients 


time, and for many 
possibility of treating private patients at the 
infirmary was not hinted at even with bated 
Massachu 
setts Charitable Kye and Ear Infirmary, and 
an old joke 


firmary was the only charitable eye and eat 


breath. The name then was the 


in those days was that the In 


in Boston. Now the word charitable has long 
been removed from the name and we have 
two floors devoted to private patients 

After Dr. Proctor’s resignation, our paths 
seldom crossed, but they did so on two ox 


The 


first of these was in 1905 when he brought 


casions, notable from my point of view 


to me for roscople eXamimation a tumor 
that had 
proved to be the first metastatic carcinoma 


he removed from an iris. This 
of the iris ever examined, and we reported 


it together. The second notable occasion 
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Vassachusetts 


when our paths crossed occurred years later, 
and had 
health 
the 


Proctor had given up his practice 
West for the 

There he had 
prevalence and of 
the In he 
a special visit to Boston for the pur 
of 


investigate 


after 
his 


yom benefit of 


wife's become 
everity 


1926, 


tressed by 


trachoma among Indians 
mack 
to 
I decided not to 
do this reasons, but chiefly be 
| that | or 
could devise a method that would throw any 
then 
Rockefeller Insti 


Noguchi to to 


pose inducing me to go \lbuquerque 


to this disease 


for several 


cause did not believe knew of 


new light trachoma Proctor 


took the problem to the 


on 


tute and persuaded Dr 


Albuquerque. The results of his imvestiga 
tions there convinced Dt Noguchi, D1 
Flexner then head of the institute, D1 


Noguchi 
had discovered the cause of trachoma. But 
Ds the of 


other investigators who finally proved that 


Proctor, and many others that Dr 


then Proctor enlisted services 


the bacillus found by Dr. Noguchi was not 


a causative factor im trac homa 


What I now have to say on the subject 
chosen for this talk, | hope may be of some 
historical interest to this select and distin 


guished audience, and also hope that it may 
please the investigators at the Iroctor Lab 
oratories by revealing how greatly their fa 
cilities are superior to those available m the 
past 

The I: 
Infirmary was completed and first occupied 
the spring of 189 
reserved for a pathology laboratory, and the 


present Massachusetts Eye and ar 


in \ large room was 


surgical staff appointed two of their mem 
bers to serve, one as pathologist the other 


as assistant pathologist. However, it is evi 


dent that this arrangement was not satis 
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factory tor 1900 the 


early m staff re 
Councilman, professor of pa 


Har vard Me 1h al 


select a pathologist for the mfirmary Dr. 


quested Dr 
thology at the School, to 


Councilman had obtained much of his train 
Welch at The 
Johns Hopkins Hospital before the medical 
school had opened, He believed that 


Johns Hopkins man was superior to the best 


ing in pathology under D1 
any 


man from any other medical school, even 


that of Harvard. He 
to Dr. Welch the selecting of the pathologist 


therefore transferred 


Since out of the four classes that had gradu 
Johns Medical 


member of the was the 


ated from The Hopkins 


School, a third. 
only graduate who had displayed any inter 


Welch 
Boston posi 


est in ophthalmology, D1 had no 


alternative but to offer me the 
| told him that | knew almost nothing 
ind that | had 


sections of 


tron 
about pathology of the eye 
just begun to make microscop 
knew 


| could 


the eye, but he said that no one else 


anything about the subject and that 
be a pioneer in it 

| arrived in Boston in September, 1900, 
shortly before the opening of the Harvard 
Medical 
assistant in pathology under Dr. Councilman 
and Dr. Mallory, | was to 


ing for the first four months of the academu 
$400.00 


School where tor two years as 


serve every mor 


vear. My annual salary was $050.00 


from the infirmary, $250.00 from Harvard 


For sleeping quarters at the infirmary | was 
ping 


given the only available room, one so large 


that it was later converted into a ward 

The room for the pathology laboratory 
was on the top floor, and is now Dr Dun 
phy’s private ofthis \ small room the 


! used as a and for 


basement Was morgue 

autopsies The major laboratory equipment 
consisted of an inferior microscope, a micro 
tome for celloidin sections, a set of instru 


ments for autopsies, bactertologie im ubator, 


and an oven for coagulating blood-serum 


culture media. For a long time | used my 


own Zeiss microscope which | had pur hased 
vacation four 


in Germany during a summet 


years previously, and it was quite an event 


for me when the hospital provided me with 


RECOLLE( 


TIONS 


a Zeiss mi roscope ot the latest type 


Sterilization of culture media was done 
in the autoclave used for the operating room 
and hospital in general, The cotton used for 
the culture tubes was loaded with hay bacil 
lus spores which provided a severe test tor 
the autoclave. This proved fortunate, for 


on more than one occasion contamination of 
the culture media with hay bacilli, atter sup 
posed sterilization led to discovery of a 
serious defect in the autoc lave 

In connection with the bacteriologic work, 
I recall that, when repairmg the thermostat, 
| spilled some mercury near or ma hot au 
vicinity of my 


suffered 


and other 


register, the Microscope 


Shortly an attack of 


afterwards | 


salivation, sore mouth symptoms 
finally diagnosed as due to mercurial potson 


what patients often had to undergo m those 


ing from inhalation made me realize 


mercurial treatment was 


\t another 


days, for mtensive 


then used for many conditions 
time | had a narrow escape when poisoned 
with guaiacol which | had just found highly 
which | was 


Many 


experin nts, but 


bactericidal and the toxicity of 


therefore throat times 


I used by 


never when | thought there was serious risk 


testing on my 


own eves tor 


| was not provided with an assistant, 


technician, or secretary. | acted as my own 


and did the 


typewriter 


typewriting on the 
obtainable, A 
was my 


laboratory and fee d 


secretary 
most mexXpensive 


eved orderly of low mentality 


only helper and he only m afternoons 
duties were to clean the 


the animals. His strabismus was so annoying 


to me that, after about six months | op 
erated upon him, with an excellent result, 
fortunately for both of us. Old Tom soon 


died of old age and | was then provided 
with an orderly half blind from old trachoma 
that had resulted 
from too many operations tor entropion 
this devised 


tenotomy of the 


and with lagophthalmos 
bot 


hideous deformity | and pet 


formed a new operation 


levator. Fortunately, also, this was highly 


so that | had an orderly in 


take 


successful now 


whom I could pride, in at least one 


re spect 
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All of the pathologic examinations for 
both the ophthalmologic and otolaryngologi« 
services devolved 


upon me, and also pet 


formance of all the autopsies. I also made 
all the bacteriologic examinations, and this 
included the preparation of the culture media 
At first I did the urinalyses for both serv 
ices, but I soon rebelled at this and it was 
then done by the externes. Having no tech 
nician, it was necessary for me to do all the 
embedding of tissues, to cut the sections, 
stain and mount them, and prepare all the 
stains. This experience led me to make vari 
ous improvements in technique, to devise a 
new method of cutting serial celloidin sec 
tions, and also to devise several new staining 
methods. I even had to sharpen the micro 
tome knives and repair the microtome. The 
repairs to the microtome luckily improved 
able 


to replace it with a new one that satisfied 


it to such an extent that [| was never 
me. 

At first for preparing eyes, the procedures 
used at Moorfield’s Hospital in London were 
followed fixed in formalin 


The eye was 


then frozen in a mixture of salt and ice. It 
was then bisected, and one half used for 
microscopic sections, the other preserved in 
glycerine jelly I soon abandoned these pro 
cedures, because I found that freezing pro 
duced innumerable cracks in the tissue, so 
that the sections looked like sieves, and be 
cause preserving half the eye in glycerine 
jelly wasted tissue often important for micro 
scopic examination 

The little photography that was done in 
the hospital was done by me. | constructed 


a photomicroscopic apparatus, and also a 
projection lantern out of various parts dis 
carded from other apparatus. | was able to 
do the developing and printing and make the 
lantern slides because | had dabbled in pho 
As a matter of 


with 


tography since the age of 12 
fact, it 
photography that had engendered in me an 


was my youthful experience 
interest in optics, and thus had led me even 
at such an early age to decide to be an eye 
doctor, a decision from which I have never 


wavered. 
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It was necessary for me to perform a 
autopsies for the 


The deaths 


brain absee ss, 


considerable number of 


otolaryngologic service were 


caused chiefly by meningitis, 
or both, due to virulent streptococci which 
today are easily combated, Fortunately | es 
caped infection. Also this service submitted 
to me for examination many adenoids, ton 
sils, nasal polyps, turbinates, and tissues re 
moved from the accessory sinuses. Some of 
the findings were reported in the literature 

The autopsies performed for the ophthal 
were of course few. There 


mic service very 


were two, however, important enough for 
me to publish. One was in a case of pulsating 
exophthalmos in which | obtained a specimen 
of carotid-cavernous sinus aneurysm that | 
The other 


was in a case of bilateral ocular tuberculosis 


believe has never been equalled 


in which death was due to tuberculosis of 
the pituitary body 

I served at the Infirmary as resident pa 
his seems to have 


as | 


thologist for two years 


been a unique experience, since, so far 


am aware, no one else has ever served in 


such capacity as a resident in any hospital 
I then went abroad for eight months on leave 
visit clinics in 


of absence to various eve 


urope. On my return [| resumed my duties 
as pathologist but did not reside in the hos 
pital 

In 1907, the Infirmary built, according to 
my plans, a new pathology laboratory in the 


This had 


Che upper had one large room, a 


form of an addition to the hospital 
two floors 

small office, and a small photographic dark 
room, Which I often used for ophthalmoscopy 


when clinic patients were brought to me for 


consultations. The lower floor had a large 
and a small room, both for animals. the small 
room having a cage for monkeys 

Soon after this | was relieved of the task 


of performing autopsies it was arranged 


for these to be done by the pathology depart 
ment of the Massachusetts General Hospital 
And, in 1928. a separate pathologi labora 
tory was established for the otolaryngologi 
to this laboratory were trans 


service, and 


ferred all the specimens | had collected for 


PERSONAI 


this service over the years 
In 1908 the laboratory was frst allowed 
a technician, but | had to tram him He was 


inable to take dictation or do typewriting 


After 


| converted a 


having a few such men in succession, 


woman stenographer into a 
technician and she proved to be much more 
satisfactory. but during my entire service as 
pathologist, | continued to prepare all the 
My tech 


mounte d 


sections 


stains, cut and stain the 
the 


nician assisted im embedding 


all the 


sections. and transcribed the records 
from dictation 

In 1928, at my request, Dr. Theodor 
assistant 
health he 


had cle \e loped 


Terry was appointed pathologist 


but because ot poo! was unable 


to be of much he Ip to me 
a duodenal uleer from which he had several 
serious he morrhage 

Harvard Medi 


cal School, | began in 1907 to make use ot 


\t first | gave a 


Under the auspices of the 


the laboratory im teaching 


in ophthalmic pathology lasting one 


Cours 


month, This was limited to a small group ot 


students. To each student stained sections 
were given which he mounted and studied 
These and other specimens were then shown 
on a screen and discussed in a lecture, Other 
students, but specially selected, were pel 
mitted to study in the laboratory for in 


definite periods under my supervision \ 


few who studied for a whole academic yeat 


and wrote acceptable the ‘ each received an 


A.M. degree from Harvard 

\fter a few years, | substituted for the 
course ophthalmic pathology, a chinico 
pathologic course. This course, given ones 
a vear, consumed every morning for a month 
Fach day | gave a lecture, with lantern 


demonstrations, on pathology of the eye 
\fterward the 


the 


Act oMmpante dl me to 


irds 


students 


clinic, hospital w and operating 


room. in each of which were discussed the 


various conditions encountered and the op 
erations performed, At the end of this course 


1 was always complete ly exhausted 


Some of the men who studied in the lab 
oratory of the Infirmary later became fa 
mous, perhaps in spite of what I tried to 


RECOLLE 


PIONS 41 


\mong my pupils of long ago 
themselves were: 
Finnoff, 


teach them 
distinguished 
(. Fisher, M. Feingold, W. ¢ 
J. Green, Jr., E. M. Neher, A N. Lemoine, 
Friedenwald, A. B Derrick 
J. H. Waite, T. L. Terry, 5. R. Irvine 


friends as well as my 


who later 


| — Reese, 


Vail, 
Since they were my 
pupils, it is with great sorrow that I say that 


six of these men are no longer among the 


living 
Dr. Lucien Howe, in 1926, took steps 
toward establishing a laboratory that five 


vears later became the Howe Laboratory of 
Ophthalmology of Harvard University and 
the Massachusetts Eye and Ear Infirmary 
For the purpose of establishing a laboratory 
for ophthalmic research at Harvard Uni 
versity he donated $250,000 with the under 
standing that, during his life-time, he would 
receive for his personal use the income from 
this fund, and with the understanding that 
Harvard also would contribute $250,000 to 
do this, Harvard di 


verted $75.000 from its own funds and ob 


the endowment lo 


tained the remainder of the required endow 


ment from the General lducation Board. 
After Dr. Howe's death, $240,000 from his 
estate was added to the endowment 


Dr. Howe's name was given to the labora 
tory and he was appointed its director but 
Harvard 
the 


not made a member of the 
mvestivator to bn appointed to the laboratory 
staff and, in fact, was the only investigator 
by Dr. Howe. Dr. Howe 
ticularly interested in the subject of heredity 
1927, selected Dr. Keeler to 
out investigations relating to the hereditary 


Keelet 


pleted a number of important investigations 


he Was 


faculty. Dr Keeler was first 


chosen was pal 


ind, in earry 
com 


aspects of ophthalmology By 


in this field but none of his work was actually 


done in the Howe Laboratory. He received a 
salary from the laboratory but did all of his 
work at the Bussey Institute. He was re 


appointed after Dr Howe's death, and re 


signed in 1939 to accept a position mn Vhila 


delphia where his work would be less 


restricted in s ope 


\ room was set apart for the laboratory 
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at the Harvard Medical School but it was 
never used for research and was soon given 
up. Under the auspices of the laboratory, 
lectures were given at the Harvard Medical 
School by Dr. Selig Hecht on March 11 
and 13, 1930, and by Sir Stewart Duke 


Elder, on December 15 and 17, 1930 

In 1928, the Massachusetts Eye and Ear 
Infirmary constructed new quarters for its 
out-patient department, thus leaving the old 
Ar 
rangements, highly advantageous to every 
the 


quarters available for other purposes 


one concerned, were then made for 


vacated rooms to be occupied by the Howe 
the Howe Library Dt 


December 27, 1928, before 


Laboratory and 


Howe died on 
arrangements were completed, and 
the Howe Laboratory at 
the infirmary had begun to function. The 


Harvard Medical School then appointed a 


the sc 


therefore before 


committee consisting of Dr, Zinsser, Dr 
Derby, and myself to administer the lab 
oratory and, in 1931, the committee ap 
pointed me to act as director To do this 


| relinguished to Dr. Terry, whose health 
was much improved, my position as pathol 
ogist. The following year the committee was 
dissolved and | was appointed director by 
Harvard University 

During my 30 years as pathologist to the 
Infirmary, my underlying purpose was to 
utilize the laboratory in every possible way 


This 
research and 


for the benefit of ophthalmology nm 
all, 


Its diagnost« 


cluded, above its use for 


teaching assistance in indi 


vidual cases | regarded as its least important 
function. However, | did regard as highly 
important the thorough histologic examina 
tion of 


condition, the pathology of which had not 


anv eve affected with an abnormal 
previously been adequately described, Other 
of the laboratory, 1t 


the 


important functions 
to 


terpretation of clinical findings, and the ex 


seemed me, were assistance im m 


perimental investigation of problems sug 
gested by the clinical work of the hospital 


I sought the greatest possible co-operation 
of the laboratory with the clini 
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In the Howe Laboratory | endeavored 


to continue the policies followed in the Pa 


thology Laboratory. In addition to pathology 


and bacteriologic investigations, clinical in 


vestigations and investigations mvolving 
physiologic optics wer undertaken to the 


extent possible with the limited funds avail 
able I acted 
on the belief that the most important qualifi 


As regards staff appointments, 


cations for an investigator were brains, m 


tellectual honesty, and scientific spirit, and 


that often when a man did not fit a position, 


the position should be made to fit the man 
My time 18 too limited for me to att mipt 
to describe and evaluate the work accom 


plished in either laboratory at the Infirmary 
forbids it 
of 


Moreover, modesty However, | 
the 


made important investigations for the Hlowe 


may mention names the men who 


Laboratory during my tenure of office, They 


are: C. Keeler, M. King, T. (Gunderson, 
I. Ludvigh, S. R. Irvine, D. G. Cogan 


In compliance with the age limit set by 
Harvard University | regretfully retired im 
1940, and Dr. Cogan took my place as diree 
of the at 


Harvard a retiring officer is not consulted in 


tor Howe Laboratory. Usually 
regard to the selection of his successor, but 
finally in this case my advice was not only 


asked As 


knows, Dr. Cogan’s work as 


for but followed everyone here 


director and as 
an investigator has been brilhant 

Because of the increasing complexities otf 
which making it necessary to 


science are 


“know more and more about less and less,’ 
it is unlikely that in the future any ophthal 
mologist will attempt to pursue the variety 


of activities | was pleased to undertake 


Nevertheless, | am sure that, when they 
have retired, the present directors of the 
Howe Laboratory and of the Proctor Lab 
oratories will have stories to tell that will 
be more interesting than mine, and | am 


also sure that for them laboratory work will 


have been as satisfying and thrilling as tt 


was for me 
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London 


No one 


institute for research in San Francisco ts an 


can deny that the opening of an 


event of the in the story 


the 


greatest importance 


of development of our scrence of oph 


thalmology—-an important event, an exciting 


event full of possibilities for the future, an 


din the light 


the West 


has shown 1m tts 


event which can only be 


extraordinary virility that 


the United Stat 


of the 


oast ot 
hort space 


the 


development even within the very 
dge. It gifts of 


tw 


of my personal knowl 
Western America to ophthalmology 
be the lavish 
as vou have showered upon yourselves and 
the field 


he 
ictivity, if 


are 


on same scale of profusion 


or commen ial and 


the 


world in 
enthusiasm, 


the 


intellectual 


the joy of doing things, and supreme 


joy of doing impossible things which have 
at 


into a garden, a relatively 


of the 


made a ert 


primitive state imto one wealthiest 


and most influential in the Union within the 


the lhte-tume of one these 


to be 


space of man, if 


inte the Proctor 
hall be 
in the develop 


will be 


will 


qualities grafted 


Laboratory—and surely they then 
this day will be a landmark 
ment of ophthalmology ; 1 
which | 
be able to look back with prick 


\lan W oods 


giving the Proctor 


a day to 


and all your visitors always 
ind pleasure 


and I, 


three 


this morning when 


lecture vears 


avo, 
have both paid our tribute to the memory of 


Francis |. Proctor and the generosity of his 


widow. Her gift to ophthalmology symbol 


ized in this laboratory, will! ignificance 


not only to this community, or even to the 


of the I but also to world 


whol nited State 
ophthaln olog’ 


At this stage 


this laboratory 


whe nmnyou by the creation oft 


ng upon your oph 


thalmologn not a bad thing 
that | 


thalmologic re 


maturity t 
half an hour ot oph 
Britain. It 


tall to tay 


you 


earch in is a suit 


able thing to talk about was from my 


tor it 


DuKE 


tor of Research, Institute of Ophthalmology, University of 


Fiper, M.D 
london 


ngland 


country that much of your ophthalmology 
inspiration imitially came You will remem 
Delafield came back 
London, Moorfields Hospital, suth 
ciently enthused to found the New York eye 
in August, 


that 


ber that Edward from 


from 


and Ear Intirmary, 1820; you 


will also remember his teaching m 


London similarly inspired | dward Reynolds 
in the foundation in 1824 of the Massachu 


setts Charitable Eve and Ear Infirmary ; and 


were the first two eve hospitals in 


these 
\merica 

It is true that toward the end of the last 
of found 
the ot 


Vienna, 


century more your countrymen 


inspiration in continental centers 


England 
to 


ophthalmology than 


ile Ibe ry, 


1s 


Berlin, and some extent 


true that today your ophthal 
mology is a magnificent and unrivalled struc 
ture in its own right, larger and more impos 
although not necessarily pro 


- hut it is to us that 


ing than ours 


portionate ly more valuable 


vou owe the original inspiration; mn a sense 


vou are our children; and what parent does 


children to a 
stature she herself ? 


in the short historical sketch which | pro 


not rejoice tf her yrow up 


yreatet than 
pose to draw, | am going to neglect entirely 


the story ot re search on the fundamental scl 
on which ophthalmology is based, or ot 
by 


a long and proud story 


eTrices 


the which vision inter 


philosophy 
preted; it ts begin 
philosophi with 
ind Hume 
from Roger Bacon through 
Thomas Young the 
of Sherimgton con 
ancl hi chool, Lut 


will confine 


ning, from the aspect, 
Locke, Berkeley 
cal aspect dating 


Newton 


neurophy st 


from the phy ‘1 


Isaac and to 
studi 


main 


ind 


tinued today by 


our time 1 hort 


elves to the restricted field of clinical 


mere 


ophthalmology and the related physiologu 


and biochemical studies with which most of 


us are more at home 
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That 


britain is a long one, 


story alone as it concerns Great 


and conforms in a gen 


eral way with the evolution of our subject 


in most of the countries in Western Europe 


It begins with the Roman oculists’ stamps 


those interesting relics of the Roman occupa 
tion whereim the 


ophthalmic pres riptions 


of the day were engraved im stone; it ex 
tends through several undistinguished cen 
the 


authority 


turies during which in the main few 


legitimate exponents drew what 
they had 


of Europe and the most numerous practi 


at second hand from the contiment 
tioners were itinerant quacks who toured the 
country couching for cataract and dispensing 
infallible salves and collyria 

It is that in the 
general surgeons who also practised our sei 
made thet 
There were William Cheselden ot 


Opn ra 


true Ith century some 


ence mark on ophthalmolog 
progress 


(juy's Hospital who introduced th: 


tion of iridotomy in 1729, and his pupil, 
Sharp, who (somewhat eponymously) im 
vented the cataract knife and the corneal 
incision by puncture and counter-puncture 
but nevertheless, it remains that the best 
known figure of this century was the Cheva 


Partly because of his un 


doubtedly high mental endowments and con 


lier John Taylor 


siderable knowledge of contemporary oph 
thalmology, but largely because of his un 
self-laudation, 


the 


blushing effrontery, blatant 


and incomparable mastery of all arts 
of the charlatan, he attamed unrivalled fame 
as he travelled around the courts of Europe 


lacke 


painted over with eve 


with a retinue ot in a coach-and-six 


constantly travel 


ling, “cutting the eye and running,” because 


even he had not the courage to await the 
results of his treatment 
During this century the attitude of the 


general surgeon who dabbled in ophthal 
mology was well expressed in the complaint 
Ducddell 


so 


of one of their number tenedict 
in 1720-—“Tf the 


much the better; if not the patients could be 


operation succeeded 


but blind as they were befor 
It was not until the beginning of the 19th 
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century that ophthalmology began to be re 


ognized as a legitimate specialty in Eng 


land, and orthodoxy began to replace quack 
ery; a convement date may be taken as 
that of the founding by John Cunningham 
in 1805, of the hospital that was 


Moortields 


hospital ke voted to diseases of the eve in the 


Saunders, 


to be known as the first publi 


world and, curiously, even when you im 
clude America, still the largest 
For half a century ophthalmology pro 


gressed with the shrewd clinical observation 
and enlightened practice that would be ex 


pected of the country which had produced a 


physician such as William Harvey and a sur 
geon such as John Hunter; just as figures 
such as Richard Bright and Thomas Addi 
son appeared in general medicine, so_ the 


tradition was carried into ophthalmology by 
such men as Sir William Mackenzie in Glas 


Travers, and Richard Middlemore in London 


gow, and Sir William Lawrence, 


This | would call the Formative Period 
of British Ophthalmology, the period when 
it began to make its mark. And so—-without 
research in the accepted sense of the word 
today—-a generation of men had matured 
who were capable of exploiting the revolu 
tion of the middle of the 19th century which 


transformed the face of the whole of 


cine and, with it, of ophthalmology 
\t this 


which in 


time—in a single stirring decack 


its achievements has never been 


equalled even unto today, when Darwin was 
Claude Ber 


founding mod 


revolutionizing biology, when 
nard and Carl Ludwig wer: 
ern physwlogy, when Virchow was laying 
the basis of cellular pathology, when Pasteur 
was creating the new science of bacteriology 


and Lister was transforming the practice of 


surgery Helmholtz gave to the world the 
ophthalmoscope, and ophthalmology whol 
heartedly and with a will entered into the 


surge of activity which was transforming the 
industrial, political, and intellectual outlook 
of the 

At this time, when the face 


nations 
of the whol 


world was changing, when, incidentally, the 
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fort were flooding into Califorma 


nines 


to transform it from a quiet backwater into 


a turbulence ctivity rarely equalled any 


where at anv time ophthalmology as a 1 


ence iv be said to have begun; and trom 


the beginning the researches contributed by 
conspicuous 


Phe 


british ophthah wlogists were 


quality and remark: in quantity his 


tory of ophthalmology that in 


Britain | would divide into three further 
stages 
1. The 
(;reat 
1914 
1914 to 1946 
The 
1947 onward 
as 
of these three periods 
Willian 
Moortields Hos 
iordinary n 


il 


scrontite oph 


effort and 


1851] 


Period of Individual 


eTnent trom to 


ack of the Doldrums, tron 


riod of Corpor ile trou 


| have chosen the commencement 


first 
d ite 


of the since it was 


the on which Su Bowman was 


elected as a full surgeon to 
Hle was 


Bown 


pital quite an ext 


this an who rightly con 


the founder of ritish 


ered 
thalmology, taking a place parallel with his 
n Germany and 


contemporart von Crracte 


Donders Holland. It n 


recognized that the 


in not 


the 


wrote 


enza, between 26 year 


he revolutionized contemporary knowledge 


on the structure and function of the volun 


1 


the } 


thi 


of ine and we 


his 


ethod atl 


uscles ind 


tary 


must remet r that outh with 


extraordinary preco t\ thout 


cutting sections save y them and tea 


ing them by hand, v hor lixing, staminy 


r mounting materials except water or syrup 


rave descriptions of the minute structures of 


these organ ind oft the eve accurate ind 


thod ith all their 


con plete that modern me 
stains 


fixatives 


have added 


agent little to 


ind 
them 


Started thus w research in ophthal 


mology im went on ind for 


the 


apace 


next Of) vears a Series il es equalled 


IN BRITAIN 


appeared in unbroken suc 
William | 
Warren 
Smith, Edward 
Marcus 
John Var 
ome of them great, 
his 


history of our pecialty 


m tew countries 


cession (,corge ritchett, aw 


renee Hutchinson lay, 
Argvll Robertson, Vries 


Netth ship, 


Collins 


Jonathan 


(sunn, 


(seorgve (oats 


Preacher 
all of them good 


each of them to leave name imdelbly 


the 
These 1 


which to live 


have been exciting times m 


clinteal 


the 


when new vistas ot 


pathology were opened each day ut 


wl) were oon to pas when to look at an 


see inew disease, 


the 


eve might well mean 


to look down ippeat mee ora 


hitherto undescribed condition. But the days 


were soon to pa when the clinician armed 


with a loupe and in ophthalmoscope was suth 


cient unto himself: the days were soon to pa 


when a laboratory was tully equipped if 


furnished merely with a microtome and a 


trite 
Ihe 


vist 


individual ophth tlmeolo 
day 


becoming 


the 


the 


day ot 


vere gomeg were dawning 


when everything was 
rate: when the ophthalmic loupe needed the 
litlan the von cope, 


the 


suppl ments of the 
Hruby 


preliminary 


armed the len when Microscope 


became to the ultramiecroscope, 


the phase-contrast microscope ind the elec 


tron vhen the study of tissue 


cope 
began to give place to the study of molecule 
and pathology supplemented itselt with histo 
che 
to «le 


had 


it 


mistrv : when it was not sufficient merely 


cribe the clisease 
behind 


approp! bate 


yross uin i 
ind docket 
the 


nerel to label 


left 


con party ent oft 


pre 
and tried to 


an 
the 


hou ape 


yvstermized pathology at 


but when men looked furthe 


eel 


ology 


inner meaning in terms of phys 


biochemistry ind Inophy ms, tO 


the mith 


In the 


plain the mechani ol 


ind the rationale of its « olution pre 


vious ag then one man could 


he both special ind philo opher now it 


that a dozen special 


had become so con ple ) 


ts m a in pine were required 


to elucidate ear h probl m 


| 
| 
= 
aco 
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And for this we in Britain were not 
equipped nor, m tact, was anybody and 


so in the beginning of this century and in 


the period between the wars we fell behind 


tefore the first war we fell behind Germany 
and Austria, largely because of the structure 
of the academic system in these countries 
it differed from our own individualism by 
the relation of a Hofrat professor at the 
apex of a pyramid broadly based on a 
swarm of imdustrious assistants to whom 
other interests—including all financial as 


pirations —were denied 


etween the two wars we fell behind you 


when systematized ophthalmu research be 


gan in America, largely because the abundant 


material facilities which you enjoyed were 


not available to us, nor the opportanities 


provided by such place sas the Wilmer Insti 
Johnson Institute, the 


the Institute of Ophthal 


tute, the Oscar Howe 


laboratory, of 


mology of Columbia University; there you 


could arrange that marriage of the clinician 
with the scientist out of whose union alone 


progress in the fundamental sense can 
emerge 

Phe large special hospitals devoted solely 
to diseases of the eye typified in Moorfields, 
the hospitals which stimulated the progress 
providing a 


the 


of a previous generation by 


unique wealth of clinical material at 
time when ophthalmology was sufficrent unto 
itself, these ritain’s greatest 


now become 


handicap when ophthalmology required con 
stant communion with and stimulation from 
disciplines other than her own 

And 


there always will be exception 


with one or two exceptions for 


mmy coun 
in the three decades 


British 


try as well as m yours 


of the wars and the interwar years, 


ophthalmology so far as fundamental re 


search was concerned lay becalmed in the 


doldrums. It did so until it became possible, 
in 1947, to found the 


mology in London ; this provided us with the 


Institute of Ophthal 


opportunity to emerge from our individual 


clinical isolation and, at the same time, by 


grafting itself onto Moorfields Hospital, to 
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enjoy its unrivalled human material and 
share that most precious of all a idet 
things —its traditions of a century and 
half Dhereupon we started an There are 
of course, laboratories asso ited with other 
universities: the Institute in London but 
the first of several which will appear in the 


future as soon as the personne! and the ta 


cilities become available 


It may interest you if | were to give 
short outline of the activities of our inst 
tute and the philo ophy with which i con 
ducted 

The main functions of an institute, as | 
see it. are twofold—the first concerns idea 
the second human men and women “ey Tal 
as the first ts concerned, it should seek to 
introduce an element of contimuity and sta 
bility into the progress of the specialized 
subject with which it deals. You will motiece 
that | have not said that it should introduce 


an element of stability into the subject, but 


into the subject; tor 
world 


with adaptability 


rather progress of the 


nm an ecvet changing and vl 


stability must be yoked 


the net 


but at same time adaptability must 


degenerate into unpredictable and erraty 


changefulness. And to this end an imstitute 
should turn its eves im two direction 

1 do not think it is the part of an institute 
to make advances in knowledge in the fun 
damental sciences ; that is the natural role of 


the large university departments of physi 


ology and physics, of biochemistry and 
pathology. But the mstituts should have tt 


anvthing new emerg 


ing therefrom which ts germane to tts sub 


eves wicte open to see 


ject 

As likely as not the pure scientist living 
in his rarefied atmosphere does not appre 
ciate the practical appheations of his «is 
covery to a specialized field ; as likely as not 


the practitioner practising the specialty will 


net hear ot the work of his remote and ele 


vated colleague; nor if he heard of i would 


he probably understand the language in 


which it was written; and so the value of the 


discovery is lost from lack of recognition or 


H 


trot ick of ippleation the particular 
cast 

In the Opposite lirection, almost as often 
n the world of everyd ifta one of our 
colleagues h in idea whi ve cle clops in 
relative isolation without the facilities of a 


laboratory or the opportunities provided by 


i bre l-based clinical iterial: and because 
of these tations it un unexploited 
ind by default fails into desuetud 

he institute, besides conducting its own 
research. should act as a vortex, drawing into 
tselt me le both these ourcee 
wting as a liaison between the fundamental 
lis and ophthah as well “as 
between its practice and its serentiti founda 
thon ill the time prese! ne continuity and 


adapt me’ itse lf to change 


It ‘ 


material of 


ond function concerns the human 


ophtha oloy ‘ain potential 
en who have qual hed 


lack 


world ot pl wtice un 


Waste of men and wor 


in their specialty of oppor 


tunity go out ito the 


tutored in the techniques of research, unable 


to experience the joy ot viding to the sum 


some contribution, no matter 


at ] now le dye 


they have not 


1, leach the 


how na who bree ilint 


learned an attitude of min life of 


Martha, obse ed 


everyday practice ust be immense 


hores and activi 


th the 


ile ot 


Almost as great is the waste of ibundant 


opportunity by chanes has called 


to a sen i life who have neither the 
type of mind nor the peculiar qualities re 
quired for researe h: there often room im 
the laboratory tor the routine drone, but re 
search workers in the true sense are born 


And so the mstitute should act as 


notin acl 


clearmmg-house tor those vho have quali 
fied im thei specialty oftering ther the op 
portunity to obse ‘ ind th ni originally 
for themselves and at the ime tine provid 
my thes with ome tinan il ecurity In 
thi ft recruitment 1 ita wise. there need 
be ttle waste for most men at thi 
ire eTiscty benetite | by the stimulation 
f working under guidance in clinic ce 
voted entirely to research, while a few can 
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with reason be pro oted to the laboratory, 


But here. decruitment is more important 


than recruitment ; and that tor two reasons 


re 


stitutions as a class 


failing in academu medical m 


today is their size. If 


vour institute gets too large it loses its soul; 


if its workers, particularly the jumior work 
ers, are not in personal touch with the heads 
not part ot 


of the department if they are 


family retaimmyg the mtimacy of a family 


appre 


is domy, the mstitute 


iating and profiting by whatever each 


becomes an mstitute 


no longer. Of the many who are taken on, 


one or two will be worth retaming, tor i 


no kindness —to the individual or to oph 


thalmologyto encourage a man to do what 


indifferently when there ts 


\nd 


Iwo 


he can do only 


much he can o decruitment 


hould be and three, or 


it most four vears is long enough to ass¢ 


any man in this re thereafter, dismissal 


should 


adi 


peet 
recognized in no sense a 
And 


and 


revutine 
and retention the exception 


will be the 


Pract 


those who leave richet 


ophthalmology wall ilmost certainly be the 


riche for the attitude to thet work that 
these men have |e irned lor the tunctron of 
an institute is not to teach what is already 


known—that is the function of the univet 


itv: its function is to teach the best attitucl 


to that which is yet unknown 


I can best illustrate this point of 


Perhaps 
at the ¢ 


view trom our experience 
Institute in London, On the one hand, as a 
basis of continuity we have full-time secren 
tists im all the important departments 


the fundamental aspects of vision the sub 


xploration aol ensation electro 


biochemistry of the 


‘ 


physiology, the visual 


pigments and the hi tology of the retina: 
in the vegetative physiology of the eye 
physiology biochemistry, and physics; im 


amd bacteriology These are full 


then 


pathology 


none ot an ophthalmologi 


have been enticed of 
fields of 


each of them 


ill of then tigled from 


the wider their own crence mito 


our specialt ible to keep 


in touch with the veneral of hi 
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own discipline; and most of then 1 think, 
have fallen in love with their new mistress 
for of all mistresses ophthalmology 1s the 
most exciting and the most rewarding, and 
at the same time as capricious and moody 


as anyone can cle sire 


This central core of professionals drawn 
from other disciplines ts, | think, of funda 
mental importance, tot ophthalmology has 


in the past suffered n uch from the amateur 


Much of the vast literature on the physiology 


of the eve, for xarmple that occupies so much 
space m so tmiany journal emanates trom 
ophthalmologists who, recalling the scanty 
knowledge imparted to them as medical stu 
dents, have gone into a laboratory for a time, 
and, without adequate self-criticism, pro 
duced results which are valueless from the 


scientific point of view; unfortunately they 
are too otten accepted on their face value 
Similarly in ocular pathology. Its greatest 
tragedy has been the habit in every land 
Britain included—for a young ophthalmolo 
vist to study pathology for some years as a 
to other 


the 


tepping- stone things; starting un 


saturated with feeling of pathology, he 


just as he becomes able to produce 


It is 


leaves it 


a contribution true that there have been 


exceptions some of brillant—such as 


Verhoeff and Friedenwald m your country, 


Treacher Collins, Coats, and Parsons in 
mine; but, by and large, ocular pathology 


has suffered sorely from being treated as a 
~ 

specialty without integration into the general 

What | think is required is to entice 


mind is 


science 


into ophthalmology someone whose 
general pa 


deft m 


steeped in the philosophy of 


thology, someone whose fingers are 
the 


so that he can integrate pathologic changes 


techniques of experime ntal path 


im the eve with similar changes elsewhere 
im the bocly 
On the other hand, quite mn the opposite 


sense, we run research clinics fed from ma 
Moortields, 


who are prepared, for a relatively small but 


terial at largely staffed by men 


sufficient research grant, to devote part of 


their time to clinical research, the remainder 


emg oceup.ed by hospital dutre At the 
moment we have four such clini on glau 
coma retinal detachment corneal gratt ny, 
and uveit These so lar as possibie are 
co-ordinated with stuches in the laboratori 
animal experimentation on the intraocular 
pressure, for example correlated with 
clinical work on glaucoma, ideas and tech 
niques are transferred from one to the other 
ind re search workers ire moved now up 
stairs, now down AS OCCASION ATISCS, OO with 
corneal conditions; so with retinal detach 
ment, and the phy icochemistry of the vitre 
ous; so with uveitis and the pathologi lab 

Thus, on the one hand, the laboratory 


in pired with the human interest 
sick 


worket Is 


provided by the patient; on the other 


hand, the young clinician is stimulated by an 


initiation to scientific discipline he can ap 


preciate their opportunity what ts 


rere mnportant learn their limitation and 


an partake of them up to the limit of his 


} 


Before his bram has become oss! 


the 


capacity 
fied by 
before he 


worl just 


the 


routine of clinical 


has become convinced that 


bn all and end all of ophthalmology is sul 


very and that the highest fame to whi h he 
can aspire is to add another twist to a 
cataract suture, just at the stage when hav 


ing passed his higher examinations he con 


siders he knows everything, then he ts im 


troduced into an environment where the key 


note is that we know nothing, where each 
case is studied at leisure, and where the un 
known, accepted and neglected in the rush 


of the hospital cline, becomes the only thing 


that matters 


And as \lan Woods has said of the things 
that really matter, practically all are un 
known. Your laboratory will indeed have 
much to do; nor can you complain of lach 
of diversity or of interest in the tasks which 
lie ahead. But vou, in California, where the 
sun shines and everyone is young, where 
one warms both hands before the tires of 
life. where the greatness of a task acts 


merely as an incitement to do it quickly, are 
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ideally suited to tasks such as these substantial and very pleasant shadow ; long 


One final thing | would remind you. It = may it remain so. So far as material things 


not alone dollar vl bn Tu ind ap re concerned, you will never lack. So long 


paratus that make a laboratory, but the is vou have women like Mrs. Proctor, and 
men and women working in it. Do you re nen like Cordes, you will potentially have an 
mber the story of Purkinje, one of the institute whose floors are paved with gold 
at figures that have adorned ophthal and whose walls are lined with platinum 
mology? Until he was 50 years of age he ut steel and concrete and buildings and 
worked assiduously in the corner of the dollars do not do research; nor even the 
attic of his house; and practically each year men and women who can push the levers 
he produced a new lea lwavs original, on the machines; nor even brains alone, You 
sometimes g And then, 1 $39, in Berlin must acquire a corporate spirit and a corpo 
he was presented with the first State Insti rate personality, Keep, then, the spirit of 
tute of Physiology built in the world: Cordes and make it yours. Like him, be al 
thereafter his original work ceased. It is ways young and human, active and eager, 
true that Harvey Cushing may have over ind willing and loving 
simplified the matter when he said to a young And. if at any time, seeing your beautiful 
research worker who mpiled a long new laboratory with its protusion of mag 
list expensive equips ll you need = nificent apparatus, you think for a moment 
research is running water and one that all things have been given unto you, then 
idea.” Nevertheless, rare does the true vo out into your Californian woods and, in 
spirit of science thrive m an atmosphere ot the shadow of your redwood trees, in the 
luxury unless to the material things are serenity that is born of 3,000 years, con 
added the imponderable things sider how little we do today, how little we 


one of your great American phi think of importance today, will still cast 


losophers, once sar An imstitution is but a shadow in which a man may yet stand 


the shadow of one man In this mmstitu and tind peace 3,000 years trom now 
tion. the shadow that . is that of Fred 
Cordes. It is still. I am glad to say, a 63 Harley Street (W. 1) 


(Fucus 


\. FRA 
Prete 


You 


have 


may be somewhat surprised that | 


lene 


chosen tor my ture the complicated 


heterochromia or heterochromic syndrome ot 


luchs Indeed the cla cal symptoms al 
ready described im the second half ot the 
last century by Lawrence Hutchinson 
Gunn,’ and other ire particularly well 
known the tandard publication of 


Fuchs in 1906 
In general the marked heterochromia «a 


companied by keratie precipitates m the 


lighter ye atrophy of the ints especially mn 


the pupillary region and, possibly, compli 


cating cataract makes the diagnosis very 
easy. Furthermore, as Duke-lelder® states im 
his textbook, the ordinary objective signs 
of inflammation and subjective pains are 
absent 


In Sprite ol this, | have always been sur 


prised to see im a certam number of cases 


that the nature of the affection ts not 


that 


recoy 


nized and erroneous ray 


diagnosis 


lead to serious consequences tor the 
Phe difticultse 
1. The 


or absent 


patient 
arise in general from 
slight 


heterochromia may be very 


fora time. | xceptionally the 
cliseased ve 


darket 


2. Subjective disturbing alterations of the 


may even appeat 


Vitreous Assim iated with the kerati deposits 


may suggest an uveitis of another orgin 

3 Bilateral Fuchs’ syndrome ts not so 
rare as it is generally believed 

My personal experience ts based on 62 


Fuchs’ syndrome, of which 32 were 


cases ot 


in males and 30 in females, confirming that 


the sex ratio is 1 to 1 


Concerning the heterochromia, tt 


blue 


coloration can easily be 


ms ¢ sp 


eves that the difference of 


cmlly 
overlooked but this 
can also sometimes happen in the case of 


brown eves 


rRROCHROMIC CYCI 


NCOESCHETTI 


or of Ophthalmology University of 


YNDROME ) 


M.D 


i 

tserland 

(Certain author Llovd that the 
heterochromuc§ ¢ ti iy develop in the 
darker ve the hyehter re | iret 
with Berliner’ that. owing to the marked 
atroph of the stro i, the posterior p ent 
laver will shine through and for that reason 
the diseased eye may ippeat larker, 
cially if the eves are gray or blue 

In one of my three case with heter 
chromia inversa, the ditterence of coloration 
was not only due to the alterations of the 
evelitic might eve but also to an trophy ot 
the per phe ral part ot the wu in the fellow 
eve It naturally ditheult to othe 
decoloration ot the lett eve ust be con 
sidered as an abortive form of Fuchs’ n 
drome. It is interesting to note that in thi 
case there is a consanguinity of the parents 
this is rather exceptional im Fuchs’ hetero 


chromic evelitis, as | found it only twice in 


62 cast (3.2 percent ) 

As hete rochromia not a constant symp 
tom, the question arises if the diagnosis can 
be made when it ts ba ed only on the other 
symptoms of the affection. Thi ‘ pecially 
important in the bilateral torm of Fuchs 


syndrome 


concerned | can 


As far as my cases are 
assert that it is practically alway possible 
to recounize yndrome etting a cle 
heterochromia, if a careful examination 
made of the cornea, the iris, and, if possibl 
the vitreous body 


lf a patient s ined with the slit 


lamp the aspect f the precipitates on th 
posterior surfac f the cornea ust lead 
one to think of the possibility of an hetero 
chromic ecvyclitis. These keratic deposits may 
be round or star-shaped. Their number 

quite variable. They are usually situated im 
the lower part ot the cornea but 1V covet 


ih] 


HROMIC CYCI 


N 4) 
th hole posterior surface 1) 

It must be empl ed that between the 
precipitate very Tine iment veneral 
found. These may also be ore or tt tat 
shaped, and ist me onfused with 
bedewing m ordinary trit 


What is usually not el ned in the text 
Is the tact that rhe rit pretation ol 
the pre pitate uch retro vht 
\t a rule the depo n bucl ndrome 
ire more or |e translucid and show a gran 
ular structure (hig. 3 In general they are 
not p mented 

\iter ition at cataract the 
Usually reappea ittet ‘ ‘ or weel 
which i} iwainst ti theory of 
that the lens is re pon ble for the corneal 
precipitates Sometime the ecm te 

naller than before the operation. In one ot 

ises they reappeare yea ifter the 
cataract extraction, and there are case en 
tioned) in the feral ew tive lil met 
‘ ‘ ‘ ‘ (ser 
Duke-Elder,” "rancois’) but ist be extremely rare 
is I did not find shsence in any of my 62 
Cases 


reappear 

Cones 
with 
generally 
empty, th 


ble. Ont 


il 


thie 


Voy 


‘ 


thet 


other 


the avret 


that 


une ined 


! chamber 1 optically 


interior 
no Tyndall phenomenon is vist 


hand cirevlating dye sim 


between 


pitate ma e of Fucl yn 


| | | 
1) 
hy (Franes hett Ke ti let t i ise ‘ In the meht eve 
eft. covet the w ©] ‘ r surface (pers. ol 
it all 
f? 
peat 
Min 
e « 
Fig. 2 (France ett Fine filaments 777! 
drone (per Nr 4244 1) 
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kind of chain. Exceptionally they may be 
found spread over the iris surface lnstruc 


tive cases have been published by |. Streit 


and Vogt ‘ These formations can easily bn 
taken for real tubercle nodules As bran 
cos" and ( orgiac ha re porte dl and | 


have been able to confirm, the histology 
alterations of the iris are always degenative 
in character and are characterized by a 
hvalinosis of the vessels with an important 
narrowing of the lumen (fig. 5) 

In spite of the assertion of certam au 
thors, | agree with Vogt" and Duke-Elder"” 


that posterior synechias are lacking im hetero 


chron evelitts, except attet operation tor 
glaucoma. This is an essential pomt in the 


Fig. 3 (Franceschetti). Granular structure of the 


precipitates seen in retrolight. Numerous filament diagnosis of Fuchs’ syndrome and especially 
(pers. obs. Nr 8427/53) in bilateral cases or when one eye ts lost 
3 The diagnosic value of the vitreous 
the anterior chamber are extremely frequent alterations is generally underestimated. As 
Only in one case, did I find on the anterior emphasized by Vogt biomicroscopic eX 
surface of the lens white deposits which had, amination with high magnification, except m 
more or less, the same character as those of cases with cataract, reveals the presence of 
the posterior surtace of the cornea (fig. 4) white dots. Generally they are adherent to 


In the literature a similar finding (Biozzi'®) — the framework of the vitreous, but may also 
was mentioned only ones be found in the open spaces. In contrast to 

2. The atrophic alterations of the iris are 
naturally very important for the diagnosis 
In advanced cases transpupillary retroilumi 
nation will reveal the defective retinal pig 
ment layer, especially in the pupillary region 
(moth-eaten appearance ) 

What is generally most striking ts the 
atrophy of the pigmented edge of the trts, 
which can be transformed into a more or less 
complete hvaline border, and the visible 
radial vessels. Most characteristic is the small 
glassy type of ephemeral nodules at the 
pupillary margin cd scribed detail by 
Vogt."* Although they can be found in mor 
than one third of the cases, they are very 
often overlooked. Sometimes they have a 


more fluffy character and they can be larger 


im size 

It is very important to know that larger 
nodules can be found on the anterior surface 
of the iris, especially in the sphincter area 


When they are multiple, they can form a (pers. obs. Nr 4244/04) 


- 
| 
\ 
Fie. 4 (Franceschetti). Deposits on the anteriot 


HETEROCHROMIE 


uveitis of any other etiolog the vitreous 


dots are nearly exclusive white and not 


brownish (fig. 6) 


Not infrequently the patient first com 
plains of moving veils betore the eye This 
is particularly true im young people. In one 


of my cases these troubles had already begun 
when the patient was ¢ vht years of age 
These ‘mouches volante ire due to a con 
densation oft the curt aunhke men branes of 


less 


the Vitreous whi h more of 


compact veils. This fact not well known 


and often 


roneous diagnosis 


Fig. 6 (Franceschetti). A ase of heterochrom« 


eych with typical white dots of the vitreous (pet 


CYCLITIS 


of infectious, and especially, tuberculous 


even in the al 


choroiditis sence of fundus 
alterations 

Chorioretinal alterations in Fuchs’ hetero 
chromia are exceptional and more often of 
the deyenerative than inflammatory type 

\ frequent consequence of heterochromu 
ill the 


acteristics of the complicating or endocrine 


start, 


evelitis is a cataract which has chat 


typ ( posterior subcap ular at the 


iridescence of the posterior mirror zone, 


anterior}. subse ap ular uole ipid pro 


sometimes many after the 


pression 
first symptoms } 
only ts 


\ cataract on the diseased eve 


naturally a help in the diagnosis but one 


must not forget that opacitie of the len 
may not occur even up to the we ol (4) years 


prognos! for the 


It is well known since original pape 


that the cataract extras 


thon mn complicated heterochromia ts excel 


lent —I would like to say even better than im 
normal eyes; the reason for this ts that the 
itrophic iris (in the same way a blue eves) 
produce s less reaction 


showed that 


inte the 


Amsler 


the penetration rate ot 


and his collaborator 


fluorescein 


anterior chamber ts significantly increased 


m kuchs’ syndrome It is even higher than 


in tuberculous uveitis of chrome evolution 


(Georgiades®™ ). It is especially in the first 
10 to 15 


minutes that the rate of peneti ition 


extreme lim 
/ and 8) 


laking into consideration thi 


clearly exceeds the it of normal 


variation (hg 
curious al 
blood 


teration of the permeability of the 


| 


A 


/ 
ays 
- 
Fig 7 (Franceschettt) Venetration rate oft 
fluorescein into the anterior chamber in unilateral 
buch yndrome. (pers. ol Nr 4121/53.) H 
heterochromic eye, N normal eye 
aqucous barrier, | was interested to see 


whether there were also repercussions on the 
behavior of amino acids tested by paper 
chromatography. Until now | have only ex 
amined a few cases 

It seems that leucine and valine are some 


what increased, Furthermore, in addition to 


alpha-alanine, and glutamine 


So the 


serie, glycine, 


appear more distinctly paper chro 


matogram of the aqueous humor in hetero 
chromia is very similar to that found in nor 
mal rabbits when the aqueous humor shows 
a higher protein content. Naturally those ex 


periments have to be repeated in a larget 
number of cases 


he 


having 


to Amsler and Verrey 


that, in 


credit yoes 


for shown heterochromu 
cyelitis exclusively a puncture of the anterior 


chamber produces a filiform hemorrhage in 


the angle, in general on the side opposite 
the puncture. Verrey®* and Frangots®® found 
by gonioscopic examination that the hemor 


rhage arises from the region of Schlemm’s 


rABL 


FREQUENCY OF PATHOLOGIC FINDINGS BY ¢ 


N\uthor Number of Cases 


Vannini (1954) 15 


Personal observation 
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Normal 


. 
= - - 

"A 

& (Franceschetti) Penetration rate ot 
fluorescem int the antersor chamber n lulateral 
Fucl yndrome. (pers. obs. Nr 3&5 2.) 
canal. | can confirm the findings of Georg! 
ades® that exceptionally the tiiform hem 
orrhage ts lacking 

Francots, Vannini, and others have 
made gomoscopic examinations m Fuchs’ 
disease. My personal observations corre 
spond to those published recently by Van 
nini Of 15 cases, six showed a normal 


angle, five showed more or less numerous 


radial and concentric vessels in the region 
of the 1) 


case these vessels appeared only some time 


trabecular system ( table In one 
after the beginning of the examination with 
the contact glass 

In four cases undifferentiated tissue pat 


two there was a marked vascularization; im 


tially occupied the region of the angle 


two others the alteration looked like a veil 
on the base of the iris 

In only four cases with secondary glau 
coma (three in aphakic eyes), did | find 
goniosynechias, with a large angle, even on 
the opposite side of the incision 


Secondary glaucoma ts a well-known com 


yon poscory IN FucHs'’ HETEROCHROMIA 


Presence of Non 
differentiated Tissue 
often with Increased 

Vascularization 


Increased 
Vascularization 


8 
15 6 5 4 


HETEROCHROMIC CYCLITIS 


TABLE 2 


FREQUENCY OF GLAUCOMA IN UNILATERAIT AND BILATERAI Fucns'’ SYNDROMI 


Number of Number of Eve 

with Unilateral Secondary Glaucoma with Bilateral Secondary Glaucoma 

Fuchs’ Syndrome Fuchs’ Syndrome 

Males 14.8% 10% 

Females 60% 


lotal 


showed heterochromia. In the future, special 
attention should be paid to the relationship 


Schlossman syndrome and 


plication in Fuchs’ syndrome and is pra 


tically the only one that has to be feared 
be more frequent in bilateral between Posner 
chetti and = glaucoma in Fuchs’ heterochromia 


cases than in unilateral ( France 
in Up to 1946, rangoi found about 


Hermann”). Taking into account that 


bilateral cases the probability of glaucoma 


cases Fuchs’ syndrome in the literature 
for each eve must be calculated separately, only (3.5 percent) were bilateral. That 
patients with bilateral incidence 


four cle veloped secondary 62 CASCS, eight (12.9 percent) are bilateral 


25 (table 3). In the recent statistics of Geor 


yiace four out oft (77 percent) 


of 16 eyes of eight is certainly too low for among my 


Fuchs’ syndrome, 
glaucoma, but the difference between 
percent in bilateral and 13 percent m uni 


lateral cases is not statistically* significant patients were affected in both eyes. | am 


(table 2) convinced that a great number of bilateral 


In discussing the differential diagnosis of Cases are not recognized because they show 


glaucoma, the syndrome of 4 heterochromic cyclitis with almost no 


heterochromu 
‘must be mentioned heterochromia ; 


Posnet and Schlossman for that reason | pre fer the 


before all else. These authors described, in name oF Fuchs’ syndrome 
1948, and again in 1953, that curtous syn Phe question about the congenital or a 


crises which quired nature oft the compli ited hetero 


drome of giaucomatocyciith 


alwavs seems to be unilateral. As in hetero chromia ts still open, Certain authors do not 


chromia, there are no posterior synechias ; accept the diagnosis of Fuchs’ syndrome if 


the episodes of cyclitic precipitates are us the heterochromia is not congenital ( Kalt’*) 


ually accompanied by open ingle glaucoma (nly in 14.5 percent of my cases the con 
In their first series, three of the nine cases genial origin of the heterochromia was cet 


tain (table 3) 
Concerning the etiology of Fuchs’ hetero 


TABLE 3 
STATISTICAL DATA IN 62 CASES OF FUCHS’ SYNDROME 


Without Congenit il ith 
ecomdars 


Bilateral Hetero Hetero 
(slaucoma 


Left 
chromia chromia 


Number 


Male 2 6 


Female 


Total 


or 
€ 


135 
dioht 
Sex 
| 19 5 
13 14 2 ; 9 
m7 62 27 27 8 4 9 8 10 
rf 43.5 $3.5 12.9 6.4 14.5 45.2 16.1 
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IABLE 4 


FREQUENCY OF CERVICAL 
SYNDROME AND 66 


Fuchs’ Syndrome 

Age 
(yr.) Number of With p 

( asses Arthrosis erce 
6 0 0 
0 49 5 0 0 
49 12 66 
OO 69 100 
lotal 44 17 


chromia, a great number of authors affirm 
the of the affection. | 
must neither my late 
Dr Davos, 
thoroughly 


tuberculous nature 
that 


point out friend 


Semadent who examined 


35 


nor | 


heterochromia 


Cases of 


(see 


Ruppli’*) myself was able to find a 
higher incidence of tuberculous symptoms in 
these patients than in any other section of 
the population 

This question is not only of theoretic in 


terest but has an enormous practical im 


portance. We have seen a great number of 
patients treated for years and years tor 
their “tuberculous” heterochromic evelitis 


many have been advised to change or to give 


up their protession 


It is not my purpose to discuss here the 
theory of the sympathetic origin of this 
syndrome (set Francois | would like 
to mention only some constitutional and 
hereditary features in connection with the 


problem of the etiology of heterochromia 


According to Passow, found SO 


who mn 
pereent ot his cases of he tero« hromia, symp 
toms of a status dysraphicus ( Bremer), this 
should be 


considered as the primary cause of Fuchs’ 


hereditary constitutional type 


syndrome, Like many other authors, | found 


in nearly 50 percent of my 


cases certain 
signs of Bremer’s status dysraphicus but, 
with one exception, all the cases were very 


slight. 


ARTHROSIS IN 33 CASES OF 


Fucus’ 


“NORMAL CONTROLS 
“Normal” Controls 
Number of With 

nt (ast Arthrosi Percent 
12 
10 4 ”) 

‘ 15.8 

9 18 16 KR 
) ) 100 

5 66 $2 18.5 

since 1946, Pautique and his school" have 


insisted on the frequency of cervical arthro 


sis and discopathy in Fuchs’ syndrome, 
which may cause disturbances in the sympa 
thetic innervation and finally Fuch syn 
drome. Recently Georgiades,”” who examined 


OS cases of complie ited heteros hromia, found 


in 55 percent alterations of the cervical 


column 


X-ray 


has been made in 33 of my cases but. before 


examination of the cervical region 


drawing any conclusion, it seemed to me 


necessary to obtain analogous information 


about normal persons of the same age 
groups 

Dr. J. E. W. Brocher,* Dr. Kammer 
mann, and | have made a systematic X-ray 
examination of the cervical column in 33 
cases of Fuchs’ syndrome and in 66 “nor 
mal” controls. Those investigations con 
firmed the fact that cervical arthrosis is more 


or less a physiologic manitestation after the 


age of 40 years, increasing much with age 
Furthermore we were surprised to see that 
in the normal persons examined, the fre 


quency of cervical arthrosis was practically 


the same as in Fuchs’ syndrome (table 4) 

*1 would like to thank Dr. 1. E. W. Brocher 
lecturer in general patholog it the University of 
(seneva large experience t the terpretation 
of X-ray findings of the cerebral colum: Was a 


great help to 


HETEROCHROMIC CYCLITIS 


TABLE § 


DEGREE 


$2 CASES OF 


Number 
ol Cases 
with 


\rthrost 


tion the degree at irthro is was not 


very different in the two although 


groups 
of pronounced irthrosis seems 
with Fuchs 
(table 


the Prequene 


to be somewhat higher in thos 


syndrome than in “normal” controls 


In conclusion our that the 


role of cervical arthros 


stimated 


in Fuchs’ svndrome 


must not be overe ithough it ma 


be responsible im certain case 
Finally, | 


would examune brietly the he 


FABLE. 6 


ASSOCIATED ANOMALIES IN 62 
NDROMI 


NUMBER OF 
CASES oF Fucus’ sy 


Mak Female 


Horner ndrome 
Svringomvelia 
Homolateral con 
Disseminated sclero 
Nevi 
Vitiligo 


Tncontine ntia 


yenital ce alive 


(familial 


Retinitt pigmentosa 
Dental anomalne 
Polydact hha 


Consanguinits 


ARTHROSIS IN 17 CASES OF FUCHS’ SYNDROME 
NORMAL’ CONTROLS 


AND IN 


Normal” Controls 


Number 


of Cases Degree ot Arthrosis 


with 


\rthrosis 


syndrome. Until 


direct 


onlv a tew cases ot 


editary factor m 


now inheritance 
no detim 


deal 


affections where the hereditary factor is dith 


have been described, which al 


tive conclusions. If we have to with 


cult to « stablish, we can sometime vet more 


look for associated anom 
different 


(table 6) 


mtormation if we 


alies. They are of very types and 


Nevet 


ot pigmentation, 


no one occurs frequently 
theless, different anomalies 


such as nevi, vitihgo, meontimentia pig 


menti, and retinitis pigmentosa, have been 


found, and this does not seem to be due to 
chanee alone 

At the 
few cases | have mentioned, very litth about 
inheritance Fuchs’ 
have the 


moment we know, in spite of the 


the role of hetero 


chromia. If one day we good for 


tune to find identical twins with Fuchs’ 


syndrome, we hope it will then be easier to 
inswer the difficult question of the role of 
complicated hetero 


i yveneti factor m 


‘ hromia 


( limique O phtalm 


Fuchs’ 
Aye 
te. Devree of Arthrosi 

15-29 0 1 
39 0 2 
49 8 7 11 8 4 

; 4 16 9 7 
60 69 1 1 ; 4 

Total 17 10 ; 32 »? 11 

5) 
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It is an honor to participate im the formal 
opening of this bright and shining new inst 
tute, so full of promise for the enrichment of 


Asa 


topic for presentation at this auspicious 0 


the science and art of ophthalmology 


casion | have chosen the story of an mvesti 
that 


laboratory and clinic for the past year 


our 
This 
happ) 


gation has been in progress im 


story illustrates in a_ part ularly 


fashion the interplay of clinical observation 
of abstract 


and basic research, the linkage 


theory to practical therapy. The investigation 
1s by no means completed, but | hope that 
an account of its course will be of interest 
The story began a year ago when Dr. Bet 
Becker, then a 
showed me some pre liminary re ports on the 


of 


nard member of our staff, 


pharmacolog a new diuretic drug, Dia 
mox, and suggested that, in view of the pos 
sible similarity of secretory mechanisms in 
the eve and in the kidney, it might be enter 
taining to find out whether this drug influ 
enced intraocular pressure 

Dr. 
Dr. 
cating the presence of carbonic anhydrase 
the inhibited 


anterior uveal tissues 


Jecker was, moreover, aware of work 


in Barany’s laboratory in Upsala, indi 


enzyme by Diamox—in_ the 


Leecker’s initiative and even after he left our 


Our study thus began largely on 
laboratory to take an appointment at Wash 
ington University our collaboration has been 
extremely close 

Diamox is an inhibitor of the enzyme, car 
bonic anhydrase, and it will perhaps clarify 
the story I am reporting if I first say a few 
words about this enzyme 

When carbon dioxide dissolves in water 


the reaction: 


here has been supported 


Kellogg Fund 


work 


The 
chiefly 


reported 


by a grant from the 


re 


\ 


far Vi md 


(ly Ce H,0 H,CO 


his is a reversible reaction, a rapid 
A vlass of beet 


occur©rs 
but 
takes 


which 


not mstantaneous om 


minutes to become flat during 
the 
from right to left with the evolution of CO), 
the ot 


of CO, 


many 


tine reaction (1) is proceeding 


Physiologists, comparing rate this 


reaction with the rate of discharge 


the pas 


concluded that the chemical reaction wa 


lungs, 


in of blood through the 


save 
tow 
slow to account for the physiologu facts and 
catalyst must be present to make 
This that 


was discovered by Meldrum and 


that 


good this discrepancy catalyst 


is, enzyme 
Roughton in 1932 and named carbonic anhy 
drase. In the concentrations occurring in the 
up reaction (1) 


tissues, this enzyme speeds 
1.000 of more 
red blood cells, 
tis 


by a factor of enzyme 1s 


re 


found in the 


tory organs, im nervous sue, and else 


where. Recent studies from several different 


laboratories show that, among the ocular tts 


sues. the retina, lens, and ciliary body con 


tain large amounts of the enzyme 
In the carly days ot sulfanilamide therapy 
it was found that this agent inhibited car 


bon anhydrase and, at first, there was feat 


that toxic symptoms such as respiratory 


that 
through the lungs, 


acidosis, is, failure to eliminate CQ, 


might complhieate anti 
biotic therapy. It was soon found, however, 
that the dosage level of sulfanilamide effec 
tive as an antibiotic was far too small for 
significant inhibition of carbonic anhydrase 
Recently the compound Diamox has been 
developed which is several hundred times 
more powerful than sulfanilamide as an in 
of This 


pound has no antibiotic activity. even this 


hibitor carbonic anhydrase com 


compound does not cause serious respiratory 


acidosis. The margin of safety in this vital 
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process is such that upward of 75 percent of 
the carbonic anhydrase can be inhibited with 
out producing significant embarrassment in 
the pulmonary CQ, discharge 

Diamox is not metabolized by the body 
and is rapidly excreted in the urine. Its 
effects are, therefore, transitory The diure 
sis which it produces is believed to be due 
to an inhibition of the tubular reabsorption 
of sodium consequent, in some fashion not 
inhibition of 


yet fully understood, on the 


carbonic anhydrase. At any rate the diuresis 
is an alkaline flood, the chief inorganic com 
ponent of the urine being sodium bicarbon 
ate, This results in a partial sodium deple 
tion and acidosis. There follows a recovery 
period characterized by sodium retention and 


This 


course of events is, of course, influenced by 


the excretion of acid urine whole 
the total available surplus of sodium chloride 
im the body and in the diet 

Armed with this information, Dr. Becker 
administered the drug in diuretic doses to 
man and rabbits and found in both species 
a significant drop in intraocular pressure 
The first question then, is whether this effect 
is a direct one on the eye or indirect via the 

resulting the 
Becker found that the 


metabolic disturbance from 
alkaline diuresis. Dr 
drug lowers intraocular pressure just as 
effectively in nephrectomized as in normal 
rabbits. In man a measurable fall in intraocu 
lar pressure occurs within five minutes after 


The 
diuresis has already begun by this time, but 


administration of an intravenous dose 


has certainly not significantly influenced the 
blood chemistry in this short interval. More 
over, the alkaline diuresis can be suppressed 
m” man and in experimental animals by a 
preliminary dose of ammonium chloride, 
which does not itself affect the intraocular 
pressure, However, in this acidotic state 
induced by ammonium chloride, Diamox can 
still 


pressure. We have not proved that the effect 


evoke its usual effect on mtraocular 
and local 
ineffective——but it 


effect is 


of the drug on the eye is direct 
been 
the 


has 
that 


administration 


seems certain ocular 


not an indirect result of the diuresis 
Phe intraocular pressure may be lowered 
either by an increase in the facility of out 


flow or by a decrease in the rate of inflow of 


aqueous Distinetion between these two 


modes of action can be achieved through 
tonography. This new tool has shown that 


the conventional therapeutic procedures for 
glaucoma —miotic drugs and filtering opera 
tions produce their favorable effects by in 
creasing the facility of outflow from the eve 
On the other hand, the lowering of intra 
ocular pressure following Diamox adminis 
tration occurs without change in the facility 
of outflow. Dr. Becker has 


such tonographic data that the rate of fluid 


estimated from 
secretion in normal and most glaucomatous 
eyes ts diminished 50 to 70 percent by the 
therapeutic dose of Diamox 

rate of flow 


The calculation of aqueous 


trom tonographic data involves a good many 


mecompletely proven assumptions, In D1 
Becker's calculations many of these uncet 
tainties were circumvented since he was 


estimating the relative rate of flow on the 


same eye before and after Diamox adminis 


tration. Systematic errors would in this case 


cancel out and leave an estimate of consid 


erable validity. It would help, however, if 


there were some independent method for 


estimating the relative rate of flow with 


which the tonographic estimates could be 
compared 
Dr, 


with this problem and have found a remark 


Linnér and | have busied ourselves 


ably simple and useful procedure namely, 


the measurement of the appearance time ot 


fluorescein in the pupil following intra 


venous administration. In a small percentage 


of rabbit and human eyes fluorescein ap 


pears initially in the aqueous over the sur 


face of the iris and in such the ap 


CASES 


pearance time is of no significance with 


respect to the rate of flow. In the majority 
of experiments, however, the fluorescein first 
appears in the pupillary area and these valid 


experiments are readily distinguishable from 


those invalid ones in which the permeability 
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high. The 
that is, the 


of the iris vessels is abnormally 


appearance time in the aqueous 


tine interval between the ippearance ot 


fluorescein in the conjunctival vessels and 


its appearance in the pupil, varies consider 


ably from animal to animal and trom case 


to Case but on the same eve ind under th 


conditions it is remarkably constant 


Sail 


and reproducible (S. 1 10 percent). Ina 


series of rabbits we tind that the appearance 
time of fluorescein is increased after Dia 
mox, the average increase being slightly 


over twofold. Consequent! we estimate that 


the rate of flow of aqueous has been in 


hibited slightly over 50 per cent in these an 
ed our results 


mals. Dr. Becker has contirn 


on rabbits and has obtained similar results 


in man. In a limited series of cases he was 
able to 


ot flow 


estimates of the relative rate 


Diamox 


riake 


before and atte both with 


the fluorescein appearance time and with 


tonogt iphy Che agreement of the two meth 


ods 1s remarkably close ind vlads consider 
ably to our confidence in both procedures 


We concluce that 


the secretion of the 


then, Diameox imbibit 


aqueous and must ask 
through im 


More pre 


enZyine, 


ourselves how that can occur 


hibition of carbonic anhydrase 


cisely we must ask how can the 


carbon anhydrase, involved in the 


cretory process Studies in our laboratory 


over many years have indicated that the 


intraocular secretory mechanism involves an 


oxidative interaction between the epithelium 


and stroma of the ciliary body. | shall not 
at this time enumerate the evidence upon 
which this redox hypothesis of secretion has 
been based but merely try to show in what 
respect the postulated mechanism requires 


carbonic anhydrase for tts efficient function 
(fig. 1) 

The oxidative process in the epithelium 
is presumed to depend on oxygen as its 


When other 


oxygen 1s 


source substances are oxidized 


by oxygen, reduced hydroxyl 


ions. The reductive process in the stroma 1s 


presumed to depend on the dehydrogenation 


of metabolites vielding hydrogen ions. In 


ANHYDRASI 


and hydroxyl 


INHIBITION 


2 OH 


1 (Friedenwald). Oxidation reduction unter 
action between epithelium and stroma of the cihary 
generat yvdroxyl ions im the epithelman 


ordinary respiratory oxidation the hydrogen 


ions formed within the same 


cellular chamber react together to torm 


In the postulated secretory system an 


itself a link in the 


watet 


intervening boundary, 


redox chain, separates the ionic products 


In order to maintain electrical neutrality 


toward the oxidizing 
In the 


sumed to be 


cations must move 


or anrotis toward the reducing sic 


ciliary body the former ts pre 


the case and a secretory mechanism whose 


primary secretory product is sodium hydrox 


ide is envisaged 


In the biologic system, buffered by bi 


carbonate. the further reactions must occur 


(2) CO H CO 
(3) H.CO OH ~ HCO, + H,O 
Now reaction (2) 1s catalyzed carbon 


anhydrase and will proceed with great ve 


locity if the enzyme is present. If, on the 


other hand, the enzyme were twhibited, then 


the buffering action would be less efficient, 


and the pH in the cell must rise. Presum- 
ably the pH might rise sufficiently to inhibit 
the intraepithelial enzymes concerned in the 
ecretion 
Here, 


in which Diamox might in 


(fig, 2-A) 


secretory process and the rate of 


would consequently be slowed down 
then, 
hibit 


but this is not the only way 


is one Way 


secretion of the aqueous 


162 
H,0 
out > HCO, +H,0 
Ox 
Kad 
y+ HCO, 
H,C O, 
H,O + CO, 
Fig. 2 (Friedenwald). Buffering of the redox 


secretory ham ! by urbon lve x icle bone irbonate 
system. The asterisks indicate reactions in which 
carbonic anhydrase activity might be the rate limit 


me tactor 


The 


all, must not 


redox mechanism, if it operates at 


only generate hydroxyl tons 


in the epithelium, it must also generate 


hydrogen ions in the stroma. Again we must 


consider the buffering system 


(4) fi HCO, 
(5) H,CO, ~ H,O + CO, 

Reaction (5) can be catalyzed by carbon 
anhydrase and if the 
the pH of the stroma should fall 
the acidity of the tissue 


inhibited 
Possibly 


might bn come so 


enzyme 15 


great that the stroma enzymes concerned in 


the secretory process may be inhibited and 


the secretion slowed down as a result (tig 
which 


inhibit the 


There are, then, two different ways m 


carbonic anhydrase inhibition might 


secretory process, two loci in the 
secretory mechanism at either of which car 
bonie anhydrase activity might be the rate 
controlling factor. How shall we distinguish 
between these two possibilities ? At which of 
these two possible loci does carbonic an 
hydrase activity constitute the actual bottle 
neck? If the first 


one (fig. 2-A), then the secretory inhibition 


locus 1s the significant 
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by Diamox should be facilitated by alkalosis, 
acidosis. If 
bottleneck, 


diminished or counteracted by 
the second locus ( hg 2 4). os the 


the rey should be true 


ers 

Before reporting to you our experiments 
to test this argument, | must first tell you 
about the production of a refractory state 


in respect to Diamox, a state in which the 


administration of the drug does not lowe 


intraocular pressure. One way to obtain this 


drug at less 
(ordi 


Diamox the 


condition is to administer the 


than the optimal dosage frequency 


narily, after an oral dose of 


intraocular pressure begins to fall in an hour 


or two, the minimal tension is reached im 


about three to five hours. Repetition of the 
dose at four- to eight-hour intervals can 
usually keep the intraocular pressure near 


the minimal level. If the drug is administered 


hours, successive doses 


at intervals of 12 


often become less and less effective ind a 


refractory state many result in which, so far 


as intraocular pressure is concerned, the 


patient is quite unresponsive to the drug. It 


should be pointed out that this ts not the 


only way in which patients become retra 


tory to Diamox and that all examples of im 


effectiveness of the drug are probably not 


due to the same mechanism. | wish, however, 


to discuss only this particular kind of re 


fractory state. To understand this we must 


turn our attention to the kidneys 
\s noted above, the diuresis produced by 


the drug is an alkaline tide which results im 


a deficiency of base and conse quent ac idosts 
through a period during 


Recove ry occurs 


which sodium is retained and an acid urine 
sually 24 to 48 


quired for recovery to be comple ted lf a ses 


excreted, | hours are re 
ond dose of Diamox is administered during 
this interval ot base depletion ind At losis. 


alkaline 


It does, however, delay or prevent 


in general, it fails to elicit a new 
diuresis 
the recovery from the base-ce ple ted. acidotre 


Under 


neys are refractory to the diuretic effect of 


state these circumstances, the kid 


the drug. 


One may well ask is it the ac idosis or the 
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base depletion that renders kidneys re 


1s adminis 


fractory? It 


tered to a patient, an a tate without 


depletion results, and this state the 


base dey 


diuresi 
of the kid 
Maren has 


Diamox can 


kidneys are refractory to tox 


Consequently, the refractory stat 


nevs to the ilo Ly 


shown that repe ited doses of 


produce i chron sis the severity ot 


being related to the do ie and 


frequency of administration of the drug 


We 


may concluck it the refractory state 


as intraocular pressure concerned 


the drug being ad 


ve Trequency 


while the continued efficacy of the 


drug under more frequent idministration 


more severe 


is one of the 
Dr. Becker ha 


state 


found th ents im the 


subopt! dosage ire 


tro | 


retractory 


rendered again susceptible 


ettect 


quency may be 


intraocular lowermg 


to the pressure 


the drug if they are given by mouth two 


ot either sodium bone irbonate al an 


chlor Ihe 


state | 


ym 


removed 


from the refractory ing rendered 


ore or le ma ilot ( It would appeal 


either n 


that both possible indicated in igure 


depending on the tate 


idual 


ch these 


be operative 


of acidosis or alkalosis of the indy 


Phere IS y i vh 


loct may lated In 


two 


potential 
studying the redox chain in bigure 
oxidative 
cells 
i loo ‘ areolat 


} 


postu ited metabolu 


1. we were concerned wt in 
miteraction of two 1 ! kinds of 
However, the 

and the chain 


was required to traverse ext acellular Space 


| or the 


the ordinary intracellular 


xtracellul links in the redox chain 


components of the 


oven tran port redox 


intracellular hydr 


chain would hardly scvernni like candidate 


four stud led us to con that the extra 


ellular im th stroma 


com 


involved 


ponetits, and anima! vitamin ¢ 


their intra 


showed ippropriate 


ocular secretory m 


\NHYDRASI 


INHIBITION 


Ox 


Ascorbic 


Deby dro - ascorbic 


Now ascorbate as a link in 


the redox chain ( hig 


fle xl 


considering 
3), it is plam that if we 


the system with a very large surplus 


of aseorbic acid enough reducing power 


should be a 
make the 


ailable in the ciliary stroma to 


secretory system operate even if 


the dehydrogenases of the troma are m 
lf the site of Diamox m 


should 


active action of 


hibition is in the stroma (fig then a 


dose of ascorbate reverse the 
If the site 
should be 
etup required to test 
Patients should be 


frequency 


large 


inhibition of action ts in the epi 
without effect 


thelium, ascorbate 


Ihe 


this argument 1 


experimental 
oby 


made refractory by uboptimal 


Diamox administration. They may then 


be mac susceptible by administration of 


either bicarbonate or ammonium chlorice 


When they 


bo arbon ite 


are responding to Diamox after 
administration the hould be 
acid, When respond 
acidotic state 
effect. Dr 


unattects d by ascorbr 


ing to Diamox in the ascorbic 
should 


ser testing thi 


acid reverse the Diamox 


Bec 


on patients obtained pre 


the predicted res ilts 


In rabbits the matter 1s more complicated 


nee the conditions controlling susceptible 


and refractory states are as yet not fully 


worked out. In some laboratories all the 


are susceptible, in other laboratories, 


found refractory. lkortunately for us 


laboratory is populated by susceptible 


our 


63 
| 
the 

Red 
is one of mild acidosis, HT 
3 (kriedenwald). Ascorln whl a i lnk w 
ministered at a subopti 
= 
changes 
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We can make 


or alkalotic by injection of ammonium chlo 


rabbits these rabbits acidoti 


ride or sodium bicarbonate. Under either 


condition they respond to a dose of Diamox 
by a sharp fall of intraocular pressure if 


they are now given an intravenous injection 


of 0.2 gm. or more of sodium ascorbate 


the intraocular pressure returns to normal 


in the acidotic animals but remains un 
changed or even falls further in the alkaloti 
Most of this 


been performed on nephrecto 


animals our experiments of 


type have 
mized animals since in this condition spon 
taneous recovery from the various myjections 
reduced, Dr. Becket 


firmed these findings on Saint Louis rabbits 


is avoided or has con 


toth in his laboratory and in ours the ex 
pected acidotic result has been quite regu 
larly reproducible while the expected result 
in alkaloti 
regular, It 


animals has been somewhat i 
should be 


a nephrectomized rabbit can overcome the 


remembered that even 


alkalosis of an injection of sodium bicarbon 
ate if he holds his breath long enough to a¢ 
cumulate sufficient additional carbon dioxide 


in his body fluids, and Diamox itself will 


assist at least slightly in the production of 
such a respiratory acidotn trend 


You will see from this last remark that 


our study is still incomplete—as I warned 
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What | hav presented 
represents no formal claim of discovery ot 
im the 
What | 


must be 


you at the outset 


the role of carbonic anhydrase intra 


ocular secretory mechanism have 


indicated is merely the role that 


assigned this enzyme if the redox hypothests 
of the 


intraocular secretion is correct, and 


the channels of clinical and laboratory in 


that linked together im 


All our 


low 


vestigation may be 


exploring this question findings so 


far indicate that Diamox intraocular 
pressure by inhibiting secretion and that its 
action is compatiole with the truth of the 
redox hypothesis of aqueous secretion bor 
by this hypothesis, the action of Diamox can 
result in decreasing the efficiency of pH but 
fering within the tissues. These explorations 


have already enabled us to discover some 
means of bringing patients out of the refrac 
tory state with respect to Diamox and henee 
have placed im our hands a better control 
of this therapeutic agent. | present this 
merely to show that the interlacing of theo 
retic and clinical studies can sometimes lead 
to improved therapy even before its objec 
tives with respect to basic theory are fully 
realized. May similar good fortune attend the 


researches in this new institution 


The Johns Hopkins Hospital (2) 


FURTHER STUDIES ON 
ITS ANASTOMOSES AN 
GEORGIANA Dvor 


AK 


fk CANAL OF SCHLEMM 


ANATOMIC RELATIONS 


M.D 


PHEOBALD, 


Clinical Associate Professor of Ophthalmology, and Clinical Pathologist, 


Emeritus, University of Illinois, Chicago, [lmots 


Oak Pa 


the almost simultaneous, although 


Sines 


independent, clinical finding of aqueous veins 


in normal and pathologic eyes by Ascher 
and (Gsoldmann, renewed interest in aqueous 
drainage has stimulated many workers to in 
tense study of the anatomy ind significance 


of Schlemm’s canal and it onnections 


In 1941, Ascher detected 


vessels at the 


ear and striated 
limbus and recognized them to 
bn physiologic connections between the canal 


of the meshwork surrounding 


Schlemm 
it and the episcleral plexus. Working inde 
pendently Goldmann found such vessels at 
two direct methods 


be 


veins do not 


the limbus and present 
these only 


(1) 


fluoresce after intravenous injection of fluo 


of proving that veins can 


aqueous Vets \queou 


rescein if no tree blood corpus les are pres 


ent: the clear vessels remain clear and those 


green, (2) By in 


containing blood become 


jecting India ink into the anterior chamber 
of a human eve immediately before enu 
leation the formerly clear aqueous vein be 
comes dark. while other veins retain their 
normal color Sore ophthal ologists have 
difficulty in recognizing aqueous veins, 
whereas others have confirmed their occur 
rence and significance 

The work of these two authors stimulated 


Ashton to make detailed anatom« study ol 
ind arterial 


Schlemm’'s canal, aqueous veins 


relations of Schlemm’s canal by means 


Thomassen and Bal ke n, by 


Neopre ne casts 


injecting India ink into the anterior chamber 


ot tour eves, found that mucous Veins Orig 
nated from Schlemm’'s canal and histologi 
cally found no ditterence between aqueous 


and other veins. 


rk 
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REVIEW AND COMPARISON OF LITERATURI 


In view of the present widespre ad interest 
Schlemm and its connections, 
the 


tributions of the 19th and 20th centuries up 


in the canal of 


it would seem advisable to review con 


to the time of Ascher and Goldmann’s work 
Che literature to 1934 was reviewed im 
Pheobald’s paper on Schlemm’s canal and 


reference to that work seems pertine nt here 


The anatomists of the early 18th century 
who gave particular tudy to the blood ecu 
culation of the eyeball had no prectse idea ot 


the disposition and functions of the blood 


vessels in the vicinity of the limbus. They 
knew of the existence in certain animals of 
a large circular vessel parallel to the iris 


Hovius had described this in 1716, 


and it was known as the circulus venosus, of 


msertion 


the venous circle of Hovyius. Hovius gave 
credit for its discovery to Nuck 

These early anatomists des« ribed a venous 
circle next to an arterial circle with the idea 
that all arterial vessels are accompanied by a 


In 1781, Fontana drew atten 


existence, 


venous Vesse | 
a canal 


situated 


tion to the in animals, of 


which bears his name, and which ts 


hetween the ciliary body, the sclera, and the 


cornea in the ciliocorneal trabeculae, During 


the next half century the existence of lon 


tana’s canal in man was both affirmed and 
different In 1830, 
Schlemm drew attention to a canal existing 


t the 


denied by anatomusts 


in the human eye in almo same region 


as the canal whi h Fontana had desertbed in 


animals. Schlemm found it in the eye of a 


man who had been hanged and, because it 


was filled with blood, considered it to be a 


venous sinus. He described it as a thin- 
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walled sinus between the layers of the cornea 
in the furrow where the cornea is connected 
the 
canal in the cornea is still made 

Although Schlemm 
mistaken 


with sclera. This error of placing the 


that “this 


Fontana’s 


observed 


canal must not be for 


canal which is found in ox eyes,” many later 
anatomists confused these two structures 

In 1856, Rouget demonstrated clearly that 
Schlemm's canal was quite distinct from the 
structure described by Fontana. Rouget’s 
description was singularly accurate and it ts 
precise enough for general purposes today 
“A very rich vascular network occupies the 
anterior part of the sclera at the junction of 
the cornea .. These 


with the network of the capillary sinus that 


vessels communicate 


occupies the anterior extremity of the scleral 
furrow corresponding to the union of this 
membrane to the cornea. This plexus, from 
which emerge the anterior ciliary veins, has 
the the 


it belongs solely to the vascular Sy stem 


no communications with vessels of 

iris; 

of the sclera and cornea.” 
Schlemm called the 


In 1834, the 


nosus” was proposed by Retzius, who likened 


“the simus 


“circulus ve 


canal 
venosus.” name 
it to the dura mater because the thin wall ts 
adherent to the compact s« leral tissue so that 
the lumen remains open even when it is not 
filled 


more descriptive names, the accepted name 


Although other authors have applied 


is Schlemm’s canal 

In 1841, Hueck designated the tissue in 
ternal to the canal the “pectinate ligament,” 
and described it as a “series of regular 
conical continuations which bridge the ciliary 
edge of the iris with Decemet’s membrane.” 
In 1869, Iwanoff and Rolett discovered that 
in the human eye these iris continuations 
are much thinner and longer than they are 
in the ox or pig eye, and that the tissue ac 
tually corresponds to Fontana’s canal and 
should be designated as Fontana’s spaces. 

In 1908, Henderson found that the struc 
ture forming the outer boundary of the angle 
is not a comblike 


of the anterior chamber 


ligament for the iris root, but is a perforated 


or “cribriform ligament” of the ciliary body. 
He suggested that the cribriform ligament 1s 
in every way a suitable one, being in absolute 
conformity with both the anatomic and phys 
iologic characteristics of the structure 

Rochon-Duvigneaud (1892) described this 
tissue as a series of trabeculae of character 
istic structure, a sort of grill having, perhaps, 
for its purpose the protection of the absorb 
ing surface of the canal against deposits of 
cellular elements which can pass into the 
anterior chamber. This description and the 
name “trabeculae” have been accepted by 
later authors 

The investigators of Schlemm’s canal have 
been concerned with two main problems 

First, to canal 


determine whether the 


should be considered as part of the venous 
system o1 whether it should be regarded as 
a lymphatic lacuna. 

Second, to establish the importance of the 
canal in the process of elimination of intra 
ocular fluids, especially of the aqueous 
humor. 

In the extensive literature on the subject, 
these and related problems have been the 


that Schlemm’s canal belongs to the blood 


main subjects of controversy theory 


system and is nothing more than a venous 
plexus was sustained by Leber (1873) and 
his school, Troncoso (1905) and many others 
support the view of a purely lymphatic fun 
tion of the canal 

There is a third group composed of Ham 
burger and Weiss and others who, while not 
interested in its anatomy, deny any fun 


tional value to Schlemm’s canal in the elimi 


nation of intraocular fluids. They believe 
that it has been fully demonstrated that a 
more important route of elimination is by 


way of the iris veins 


In the normal eve, Schlemm’s canal is a 


circular duct situated in the depths of the 
limbus just anterior to the corneoscleral tra 
beculae which separate it from the anterior 
chamber 

serial 


Histologically, an examination of 


sections shows that the 


appearance of 
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Schlemm’s canal varies in different sectors 


of the same eye. Most frequently it is an 


elliptical canal with its margins more or less 
parallel, but it may present a varicose ap 


pearance. In general, the inflections on the 


posterior margin are slight and the varicosi 
the 
some sectors the canal ts ple xitorm ( Leber, 


1895 


ties are found on anterior surface. In 


there being from two to four, very 
rarely more, narrow lacunae 

Schlemm’s canal is attached to a vasculat 
plexus situated in the depths of the limbus 
is effected by 


The attachment vessels of a 


which are often 


Che 


reticulum largely 


characteristi appearance, 


termed trunks or channels vascular 


plexus 1s composed ota 
In his study of serial 


venous in character 


vessels 


sections, Henderson described all the 


in the region of Schlemm’s canal as veins 
He did not differentiate arteries and veins 
probably due to the fact that his sections 


were 25 microns thick and were stained with 


Van Gieson's stain which infiltrates tissues 
heavily 

Maggiore, in his important monograph, 
drew attention to the arteries and capillaries 
which accompany the veins in the intrascleral 
plexuses. In general, these arteries are ex 
tremely fine and form a series of large and 
irregular meshes that accompany the venous 
plexus and are connected with it by means 
of characteristic loops. Maggiore confirmed 
Leber's description of the canal 
the 


the eyeball differs only 


and his diagram of the circulation of 
anterior part of 
slightly from Leber 

By means of vascular injections of Prus 
sian blue, microscopic examination, and 
plastic reproduction, Maggiore was able to 
distinguish four distinct plexuses, which are 
designated as follows 

1. The conjunctival plexus proper 

2. The plexus of Tenon’s capsule. 

3. The « pise leral plexus 

4. The deeply situated intrascleral plexus 

As has been mentioned, Schlemm’s canal 
is attached to the deep intrascleral plexus 
characteristic col 


by means of a series of 
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that start from 


the anterior or convex surface of the canal. 


lector trunks or channels 


They pass constantly in an oblique direction 
to empty into the veins of the plexus either 
directly or atter forming a loop toward the 
cornea According to several mvestigators 


these collector trunks have a conical form 


with the wide end corresponding to their 
the narrow end at the outlet. 


origin and 


number 
ing between 20 and 30 around the globe. The 
much flat 


Their scarcity is also characteristic, 


collector trunks, which are very 
tened, open into the canal forming a sort of 
narrow fissure 

Schwalbe and Waldeyer assumed the exis 
tence of true valves in the lumen of the canal 
or some of the conducting channels which 
would prevent a backflow; but Heisrath, 
Konigstein, and others, denied the presence 
of valves between the canal and the ends ot 
Maggiore is of the opinion that 


the flattened col 


the vessels 
the 
lector channels acts as a functional inte rrup 


fissural formation of 


valve between Schlemm’'s canal and 


tion o1 
the veins 

Troncoso (1909) found that the intra 
ocular pressure 1s higher than that in the 
intrascleral veins and the aqueous humor 


which filters through the inner wall of the 
canal, while filling the cavity of the latter, 
preserves a certain pressure which ts aug 


mented by new fluid constantly flowing into 


it (on the basis of physiologic rm earche s, 


Troncoso asserts that the collecting trunks 
are not continued in the veins but in the 


lymphatic paravenous spaces 
Maggiore, however, has been able to es 
the 


tablish continuity between col 


lector trunks and the venous plexus, not 


pet lect 


finding support for Troncoso’s assertion 

Maggiore found the form of the deep in 
trascleral plexus most characteristic 

1. Because of the tendency of the large 
channels to assume a quasi-varicose appeal 
ance. 

2. Because of the small reticulae that in 


terrupt the continuity of the plexus 


The varicose aspect is still more evident in 
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the channels which connect this plexus with 
the episcleral veins or indirectly by anastomo 
sis with the venous trunks from the ciliary 
muscle passing through the sclera. The most 
noticeable fact in this connection is that none 
of these follows the 


communicating Veins 


shortest course to meet the particular vein 


for which it is destined. All these veins pass 
in a tortuous way through the thickness of 
the sclera, frequently turning and bending to 
assume the shape of the letter “S” or the 
figure “8.” 

brief mention must be made here in re 
Most 


canal 


vard to embryology authors merely 
that 


third, fourth, o1 


Schlemm’'s is found im the 
fifth fetal life 
Seefelder (1910) concluded that a small cit 


state 


month of 


cular vessel found anterior to the group of 
cells the continuations of 
the 


contained a 


which formed 


Descemet’'s membrane is canal of 


Schlemm, and, because it few 
corpuscles, he believed that he had demon 
strated its vascular nature 

Sondermann asserts that the development 
of the 
upon the processes which direct the develop 
first the 
canal is developed, not as a circular vessel, 
but last 


half of the third fetal month, convey blood 


canal of Sch'emm depends closely 


ment of intraocular pressure. At 


from radial vessels which, im the 
from the tissue of the fold of the optic cup to 
the These latter 


distance into 


anterior ciliary vessels 


vessels penetrate tor a short 


the edge of the sclera and are called the 
iridoscleral veins 

\fter these veins originate in the pupil 
lary membrane, they enter the marginal part 
of the sclera, pass through it for a certain 
distance, and then penetrate the sclera proper 
At the beginning of the third fetal month 
there is considerable hardening of the sclera 
in the anterior portion which causes a slowly 
increasing pressure upon the penetrating 
veins. 

This results in the development of a stasis 
pressure and the dilation of the distal part 
of the veins. Due to the stasis pressure, the 


dilation is so great that anastomosis between 


the dilated vessels takes place, thus forming 


the iridoscleral sinus. As the sinus corre 
sponds to the position of Schlemm’s canal, it 
may be assumed that it is a precursor of this 
canal and the further development bears out 


this assumption 


Ultimately the iridoscleral veins become 
obliterated beyond Schlemm’'s canal and 
anastomose with the anterior ciliary veins 


by means of channels which Sondermann 
designated as external canals. Capillaries also 
proceed internally from the iridoscleral sinus 
canals 

and Rolett, 


trucke, Waldeyer, and others found open 


and become the so-called inner 


Although Schwalbe, 


communications between the anterior cham 
ber and canal of Schlemm, the first definite 
description of communications between the 
canal and trabeculae is made by Sondermann 
He found that the 


the outermost trabeculum which are lined by 


inner canals are gaps in 


endothelium. They branch off at right angles 
to the canal and then run parallel to it. The 
inner canals are narrower and usually more 
numerous than the external canals and they 
are in open communication with the fissures 
of the trabeculae. 

he same growth relationship is true for 
the inner canals as for the canal of Schlemm 
and the external channels; they are narrow 
during the first years of life and wide in old 
age 
eyes of persons between 15 and 75 years of 


Sondermann found these inner canals im 


age. 


A résumé of the descriptions of Schlemm’s 


canal shows that Sondermann believes that 
there are open communications between 
Schlemm’s canal and the fissures of the 


trabeculae, and thus with the anterior cham 
ber. Leber, and subsequently Schwalbe and 
that there 


communications between the trabeculae 


others, believed were no direct 
and 
the canal. Magyiore expresses the views that 
under normal conditions, the canal is not in 
direct communication with the trabeculae, and 
that its endothelial covering does not present 
any trace of discontinuity. Leber and others 


admit that a direct continuity is present be 
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tween the anterior chamber and the spaces of 
the corneoscleral trabeculae and are of the 
opinion that the aqueous enters the anterior 
cihary vems by filtration 

whether 
canal blood 


We find that up to 1942 the literature on the 


Phere Is the question aot 


Schlemm's normally contaims 


subject did not settle th Ss question, Occasion 
ally red corpuscles are found in the canal of 
fetuses in different stages of deve lopment, 


and in others the lumen is quite empty. In 


cadaver eyes Schlemm’s canal almost always 


appears empty, whereas in eyes enucleated 


from living subjects the canal contains more 
or less blood 
When not due to inflammatory hyperemia, 


the presence of blood in the canal of enu 


cleated eves may result from imbalance bn 


tween the pressure ol the vessels of the eve 


and the intraocular pressure, or it may be an 


inevitable effect of the operative trauma 


Since the full continuity between Schlemm’s 
canal and the vascular plexus is established, 
it is not surprising that under such abnormal 
conditions some blood should pass from the 
veins into the canal. If blood circulated in 


Schlemm’s canal normally, the almost con 


stant absence of blood in the eyes of cadavers 


could not be explained The deduction that 


Schlemm’s canal is a venous vessel seems to 
require further confirmation 
Weber was the first investigator to ob 


serve that, when Schlemm’'s canal was rup 
tured, blood could penetrate into the anterior 
chamber. In the examination of globes rup 
tured at the limbus it is not always possible 
traumats 


to exclude a concomitant 


of the 


rupture 


that are in continuity with 


Admitting 


tion between the canal and the deep intra 


ls 


Schlemm’'s canal to the connec 
scleral plexus, the traumatic imbalance of the 


intraocular pressure causing hyphema is 
understandable 

In 1905, Fuchs reported seeing Schlemm’s 
canal in the living eye. He believed that in 
persons with a thin sclera this was possible 


He stated: “A not very sharp, dark, circular 


line can be seen concentric with the edge of 
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the cornea. If this corresponds to the canal 
believe it does, then this 


that the 


of Schlemm, as | 
would furnish another canal 
blood 
could be caused only by blood % 


hand 


discern 


proot 


conveys during lite. as this color 


rantas and Troncoso 


blood 


which 


(on the other 


could not throughout the 


whole Schlemm zone, they believed, 
would certainly have been possible if it were 
a venous sinus. Maggiore asserted that undet 
normal conditions Schlemm’s canal does not 
contain blood but that, as Leber declared, the 
slightest imbalance of sufficient 


vl 


lumen of the 


pressure ts 


to allow from the venous plexus to 


pass into the canal and, as a 


matter of fact, this does happen im trau 


matisms such as contusions and enuclea 


tions. He further stated that in the normal 


physiologic stat blood corpusels cannot pass 
into Schlemm’'s canal because the tortuosity 
and narrowing of the lumina of the collector 
channels allow only a very fine fissure, 
through which only lymph can pass from the 


canal into the venous plexu 


Friedenwald (1936) reported afferent 
arterioles to the canal of Schlemm which he 
said may be readily demonstrated by his 


tologn study, and he came to the conclusion 
that there was slight but steady through-and 
through circulation of blood and plasma in 
the canal \ 


means of Neoprene injection 


hton and Smith (1953), by 
ot the 


that 


Various 


blood-vessel systems, found there 1s a 


close relationship between the artertolat 
branches and the canal, but definitely no at 
with it could be found 
blood the 

Sondermann (1930) 


Kronfeld 


and Smith (1942), on gonioseopi 


ferent connection 


air appearance of canal ot 


Schlemm was found by 


atter aspiration of aqueous humor 
MeGarry, 
examination after producing hypotony, have 


seen the canal of Schlemm fill with blood to 


produce a typical red band. In some eyes 


they found, in addition to the typical band, 
fine canals filled with blood extending into 


the trabeculum and ending with a definite 


pore on the inner surface of the trabeculum 


During certain phases of the phenomenon, 
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on several occasions, blood was seen to trickle 


from the pore into the anterior chamber 


where it collected on the iris or in the recess 
of the angle 

ty far the most important problem in con 
nection with the physiologic functions of 
Schlemm's canal is to determine the part it 
plays in the elimination of intraocular fluids. 
the discovery of the canal, a re 


ver since 


markable physiologi has been 


attributed to it 


significance 
it being considered the most 
important, if not the only, pathway for the 
fluids. 


vestigators, by myecting various substances 


elimination of intraocular Many in 
into the anterior chamber in experimental 
animals, have affirmed the existence of open 
communications between the anterior cham 
ber and Schlemm’s canal. 

Schwalbe (1870) believing the canal to be 
a lymphatic vessel, although normally empty, 
affirmed the existence of these connections. 
Waldeyer (1875), who was of the opinion 
that the canal was a blood vessel, agreed with 
Schwalbe 

In 1895, Leber stated that what Schwalbe 
and his followers considered an open com 
munication was in reality an osmosis due to 
differences in pressure between the anterior 
chamber and the anterior ciliary veins, Later 
Schwalbe 
theory. 


was inclined to adopt Leber’s 

Leber, who believed in the venous nature 
of Sechlemm’'s canal and often found blood 
in it normally, was of the opinion that the 
aqueous humor would flow very easily mto 
the canal of Schlemm and that the canal was 
especially adapted anatomically and topo 
graphically for this purpose 
Weiss 


pressure in Schlemm’s canal and in the veins 


Hamburger and considered the 
of the iris to be higher than the intraocular 


pressure, and, therefore, they believed that 


filtration from the anterior chamber into 
Schlemm’'s canal and into the iris veins as 
described by Leber was impossible. They be 
lieved that the aqueous humor was stagnant 
that the 


movements of the iris and ciliary body exert 


Thompson and Fortin found 


an influence on the interchange of fluid be 
tween the anterior chamber and the canal of 
Schlemm. Contraction of the ciliary muscle 
canal. In his histology 


tends to open the 


studies, Henderson found that the “cribri 


form ligament” is attached to and ts a true 
ligament of the ciliary muscle, Contraction 
and relaxation of the circular fibers cause a 
widening and narrowing of the intratrabecu 
pumping 


action to facilitate the outflow of aqueous 


lar spaces and possibly cause a 


To solve the proble m of the elimination of 
the fluid of 
mann (1933) injected red blood corpuscles 


the anterior chamber, Sondet 


into the eye of an ape and was convince d that 


the contents of the chamber passed into 


Unlike India ink and simi 
that it 


Schlemm's canal 
lar fluids, blood has the advantage 
is not a foreign body and does not cause ir 
ritation or create unphysiologic conditions 
that the canal of 


Sondermann — believes 


Schlemm, with its inner canals and outer 


channels, is the chief means of elimination 
of aqueous while only secondary importance 
is to be ascribed to the iris 

In 1909, Troncosco, on examining blood 
from the vascular network of the limbus, 
found that it contained a quantity of lymph 
that could only come from the anterior cham 
ber through Schlemm’s canal. At the time 
he thought that the aqueous emptied into 
Ascher, in 1942, 


and Goldmann found clear and striated ves 


perivascular lymph spaces 


sels on either side of the cornea in living 
eyes which they called “aqueous veins” 
and confirmed Troncoso’s conclusion that 


Schlemm’s canal is lymphatic in nature and 
that the efferent vessels of the canal which 
course through the sclera must be considered 
lymphatics 

After many years of observation, it 1s in 
that 


anatomic structure is really a 


teresting to note frequently the dis 


covery of an 
change of 


discovery” based on the 


nomenclature. In earlier studies both Mag 


gore and Theobald observed the connection 
of the 


episcleral and conjunctival veins. It remained 


external collector channels with the 
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for Ashton by his Neoprene injections of the 


canal of Schlemm to verify the findings ot 


two authors 
the 


the 


\ review of whole question of the 


elimination of intraocular fluids by way of 


Schlemm’'s canal shows many contradictions 


in the conclusions of the various imvest 


gators It seems reasonable to conclude that 


Schl canal is an independent organ, 


minis 


lymphatic in nature, whose direct communi 
with the 
The 


cham 


still im 
the 


cation anterior chamber ts 


doubt between 


direct 


continuity 
intratrabecular 
The 


conclusively to 


anterior and the 


spaces is generally accepted investiga 


tions of Sondermann point 
open connections between the trabeculae and 


hh mm's canal 


PERSONAL RESEARCHES ON 


SCHLEMM S CANAI 


The functions of the canal of Schlemm as 
a constantly called-upon outlet for the dis 
need of 
the 


have 


fluid is in 
from. the 
Anatomic 


charge of intraocular 


further study viewpoint of 


ophthalmologist variations 
an important bearing upon the clinical pa 
thology ; hence, further studies of individual 
eves are needed to give the clinician a clearer 
understanding of the anatomy in the vicinity 
of the canal of Schlemm 

work to study 


the bach 


eve was removed because of a choroidal mela 


lhree eyes were used in thi 


morphology ot hlemm’s canal 


noma; the patients suffered no pain; there 


had been no increase in tension, and the an 


terior part of each globe presente dno patho 


change 


The 


upon,* was 


P705, iously reported 


52-year-old 
least 


first eve 
the 


pre 
right eye of a 
woman, which was enucleated with the 
there no hemor 
Phe 
Fight hundred and 10 serial se 
thick the 


the first and the 


amount of trauma were 


rhages or ruptures eyeball was fixed in 


formalin 


tions, each 15 microns (66.5 to 


mm. ), were cut horizontally 


last sections being within the inner margins 


* Canal of Schlemm and its anastomoses, 1934 
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of the canal. The 810 sections represent 


12,150 microns; the nasal side the col 


lector channe Is occupy 750 microns, and on 


the temporal side they occupy 1,140 microns, 
It was soon apparent that it was necessary to 
the that gradual 


changes could be observed and no collector 


study sections serially sO 
channels overlooked 

The 
to the 
(fi 
more oblique, and the blurring was propor 
the the 
noted previously by Henderson 

Most of 
hematoxylin and eosin, and for the others 
The 


Drawings and two wax 


center sections were at right angles 


surface and showed excellent detail 


center, the sections were progressively 


tionate to distance from center, as 


the sections were stained with 


Van Gieson’s stain was used sections 


were studied serially 


models were made of the canal and its con 


nections. The first drawing (plate 1A) con 
sisted of a chart locating the external chan 


nels; the second drawing (plates 2A and 


lucida, showed the 


means Ot a camera 


the 


reconstructed by 
connections of canal 


with the external collector channels and in 
teresting details of their course and anasto 
maoscs 


method of Dr 


wax models were made according to 
Otto F. Kampmeier, pro 


and head of hi 


the 
depart 
This 


fessor Of anatomy 


ment at the University of Illmois 


method is as follow 
The slides were projected at 320 magni 
ssel lumens were outlined 


sheet of 


fication and the ve 


different for each 
These 


varicolored 


using a paper 
on 
15 
the 


ection drawings were traced 


sheets of wax composition, 


used for 


the 


(sreen Was 
blue 


and yellow for the nerves 


in thickness 


Schle mm, 


mim 


canal ol for vers, red 


the 


small outlined dis 


lor arteries, 


he 


were cut out, placed 


in position on the original drawing, and held 
The dises 


sections were then placed one on the 


together with wires from conse 


utive 
other in rotation and fused and smoothed by 
In this man 


means of a heated instrument 


ner a cast of Schlemm’s canal and the ad 


jacent ve ssels was produced 
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Plate 1A (Dworak-Theobald). Kye P70 Reconstructed from &10 serial section The spaces between 
the horizontal lines represents one mm Show 

1 Twenty-nine external collector channels leaving the canal of Schlemm at irregular intervals. They 
ire most numerous in the lower quadrant, where there are as many as tour to one mn At N. 469-623, and 
P, 72-2M, the pace between the ce lectors 18 more than two mm 

2 A large artery is shown joining the canal of Schlemm at section 159, and running along intimatel 


with it for more than eight 1 


ach model represents approximate ly one viore ; otherwise, the arteries and veins were 
mm. of the canal. and shows the connections tortuous and varicose, as desé ribed by him 
of the collector channels and also the disposi and thus far my work confirms his 
tion of the surrounding vessels Che lumina of the vessels of the different 
From a study of the sections and from plexuses have various degrees of roundness 
Model 1, four vessel plexuses were distin depending on their proximity to the surface 
guished (plate 5, model 1-A) and the amount of pressure exerted on them 


during the process of development and dur 
1. The conjunctival plexu I 
nme tite 
2 he ‘ viscleral Au 
As Maggiore demonstrated, the vessels ot 
3. The intraseleral plexus 
the conjunctival plexus form large loops and 
The deep se leral plexus 
their lumina are round 
It will be observed that this classtheation The episcleral plexus is situated im the 
differs from that of Maggiore, referred to outermost scleral layers It is an extremely 
previously, | could not distinguish the dense plexus and the walls touch one another 


lenon’s capsule plexus described by Mag Che lumina of the veins are slightly elliptical 


“7 SA, 
o 
\ 
wad 
29 externsl collector channels 


STUDIES ON THI 


The veins anastomose frequently, and form 


short small loops ; the re more numerous 


than the arteri It i which give 


the purple color to tl When ciliary 


Mmypection 1s ent (pl model 1-B) 
The ve Is of the rascleral plexus are 


10 by 24 microns 


ancl the 


found im various of the sclera 


Both the arteri ind the are ftlatte ned 


but the artert re rounder an ause ot 
thei 


Chey 


infrequently 


thicker walls, are easily distinguished 
form large loop ind’ anastomose very 


Model 1-1 


and al aoa anastomeo 


hows an 


“HL anatomo 
sis between an arter 
The irteri ind 


) 
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other; (2) an artery and a vein 


together , or f +) an artery may be accom 


panied by two vein by means ot Neoprene 


niection into the blood \e el 


tenis f the eve \shton and (1953) 


found the and 


relationship of vem 


arteric 


Lhe deep which lor the 


cleral plexu 


nost part lie parallel with the cleral tiber 


ed | W em which are 


mely tortuou and 


The 
lined slit nthe I he 


have the appearance © 


ima Vari ly rom 
ron the vreate 
eral fiber 


netet being parallel vith the 


canal of 


173 
me 
= 
4 ‘= % 538. 
$8 
a 
ie 109 
“er 
se: %9 57> 
I 
ead 
- 
2h external collector channels 
Plate 1B (Dvorak-The ald Eye P791. Reconstr ted ‘9 er manner a 
i’ ite 1A Show 
1. Twent r external collector annels le the canal of S et ' we r interval 
> Some i the mmer ‘ Sondermann are u ited 
ay travel 
smal — 
are 
vcr) 
of 
the lut 
inda micro 
veins travel im variou chiat 
They may bear no relationtocach (phate 5, 
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Plate 1C (Dw 
Plates 1A and 1B hy 


Phirty-one external collect 


1497 
w channels leaving the 


Schlemm is connected with this plexus by 
means of the collector channels 

Anastomoses between the four plexuses 
are not numerous and are effected by loops 
which may be almost straight or which may 
make large sweeping curves toward or away 
from the cornea, Occasionally the veins reach 
when seen clini 


( Ascher, 


the epise leral vessels, and 
cally, are called 
1942: Goldmann, 1940) 


Vessels coming from the 


aqueous Veins 
ciliary body and 
anastomosing with branches of the anterior 
vessels usually accompany the 


ohary nerves 


through the sclera 


Very 


artery and vein accompany the nerve. This 


and course obliquely 


toward the surface frequently an 


is the rule when the nerve and the vessels 


enter the sclera at the flat portion of the 


Reconstructed 


canal of Schelmm at irreg 


trom serial sections 


ular interval 


ciliary body. (In this eye, there were eight 


nerves on the nasal side and seven on the 
temporal side ) 


When a 


part of the ciliary body either an artery or a 


nerve enters from the muscular 


vein accompanies it. In the eye under ex 
umination, nine veins and three arteries were 
and the ciliary 


with the 


found between the sclera 


Most of the veins anastomos« 


deep scleral plexus Some are continuations 


of arteriolar branches of the large artery 


which accompanies the canal of Schlemm 


The three arteries take the following course 


1. On the nasal side (plate 2, sections 175 


to 221) an artery from the ciliary body 


anastomoses with an artery of the intra 


scleral plexus 


2. On the temporal side (plate 2, sections 


174 
—-— 
4 4 
oo 
\ 
* 31 external collector channels 
theobal same manner a 


STUDIES ON THE ¢ 


x3 ilso plate model 1-B) a small 


artery loops into the sclera and gives off an 


venuole 


arteriole which anastomoses with a 


deep cleral ple Xus 


yoing into the 


3. On the temporal side (plate 2, sections 


683 to 750) a branch from the circulus iridis 


mayor urses in front of the scleral spur 


to anastomose with the large artery at the 


Schlemm 


159 


canal ol 


show that on the temporal 


section 
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HiLEMM 


irtery 33.3 by $5 5 


Wn canal. It 


a large 


chle 


side of this eve 


microns) jom 


close 


from the epi cleral plexus ind is in 


contact with the canal tor a distance of more 


than cight mm., bisecting it or coursing 


above or to the temporal side of it. It will 


be remen bered that Maggiore reported atl 


Schlemm’'s canal, An artery a large 


teries at 
as this one may have been re spon ible for the 


reports of Fuchs and of others who believe 


175 
1 
> 
Plate 2A ~ 
hee tructi deta wut the 
‘ het w ee ‘ 
of the sclera and cihat 
A tomoses between the dee] _ 
eral plexus and the « 
ve (aqueou veins). © if ix 
Kelatiwor of the artert Live 5 
canal of Schlem: ned espe 
hele 
>» 
35 
= 
AE 
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|’ ate (| ir ‘ 1) 
he ructha le t 
anal ™ le 
ud of the era lucid 
1. Manner ot 
> cana wit tive 
eral piex b Wa « ex 
tert | liector ¢ me 
4 \ weet t 
f the sclera thary bod 
\nast wetween the 
clet plexu d the episclera 
veins (Caqueou ves). 
int eve 
malot Sclhle nd « 
the large one on the temporal t 


they saw blood in Schlemm’s canal in the liv ately becoming a venuole. An external col 


ing eve, This artery gives oft small branches lector channel joins this vein. Such a jun 


which anastomose with other artertes in the tion of collector channel and vein probably 


intrascleral plexus, It also gives off arte rioles explains the presence of blood in Schlemm’s 


which almost immediately become venuoles canal m hypotony or surface pressure a well 


and join with the deep scleral plexus or send as the appearance ot striated or laminated 


branches the ciliary ( plate 2 aqueous \t me place in the entire eve 


tions, temporal side, 76-175, 175-221, 487 can be found openings from the artery mto 


553) the canal itself 1 he wall of the arteri re 
In Plate 5, Model 2-B, an irteriole ts seen mains thick and the canal ts lined with a 


leaving the large artery and almost immedi single laver of endothelium 


ses 

=>: 


ac3 


| 
cha 


leral ple « 


1) 


vals 


76 


n this « 


Is w 


( plate 


nanny 


ac 383 


ternal colles 


the deep mitra cle 


channels 


ector ¢ | 


more than two mn ipart On the nasal 


12 lector 


there are channels ol 
inter vhich are in the upper and in the lower 


de there are 17 
ind 1] 


set rule 


poral 


quadrant (on the 


in the upper 


ch inne! 


eT quadrants There is no 
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ates, 
Plate (Tworak- he Serial section 1370 to arve collector nnel leaving the medial 
irtace ot ti lots ‘ (Upper ollector in Model 1.) Note 
1 Marke nve it ‘ ecti t ection, espe all n the contour of the i Schlenm 
2. Irregular inner re 
The rue rte! t may he respor ble for the dark line seen clinicall 
as meee as four collector HZ in on collect iE 
mm.: in other parts the col Zs in the low I Saat: 
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WIS 


Plate 4A (Dvorak-Theobald). Serial sections of a small collector channel leaving the medial surtace 
the canal of Schlemn Note 


The shape of the canal in these sections is such as we see in textbook illustrations, and is representative 


of the greater part of the canal of Schlemm in this eye 


| J 
| 459 460 


Plate 4B (Dvorak-Theobald). Serial sections of a Sondermann “inner canal.” 


Opening can be traced into the mner spaces 


36! 362 363 
364% 365 366 
457 458 


by which these 


Schlemm’s canal 


17 channels leave at the These collector channels 


11 at the 


ends ol the canal ; 


the lateral end ; 


Model 1-B 


se ¢ 


irge artery 


(7) 
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ollector 


( Dvorah 


te 


channels leave 


the anterior surface of the canal 


are 


ol 


various 


medial; six at sizes and diameter They run through from 


Theobald). Canal of Schlemm and its anastomoses 


and 12 channels arise trom two to 11 sections, making 


the 


Shows: 


chametet 


"79 

Plate § Model 1-A (Dvorak-Theobald). Canal of Schlemm and its anastomoses, Show 
1. Two ector nnels (2) leaving the cat Schilet (1). The lower one leaves ft the inner 

end ‘ " the uppe ne leaves trom the ed part of the « 

The ir plexuse ‘ vil toy the il the eveball (3) dee, cleral: (4) intra 

cleral; (5) eral; (6 nyunctiy 

} Large artery (7) 

= 
l hee cleral plexus { 
> An “H” anastomosis in the intras lera 
3 
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Plate 5, Model 1-C (Dvorak-Theobald). Canal of Schlemm and tts anastomoses, Show 


Phe plexitorm irregularity of the canal f Schlemm (1 wit irregular nner ir! Vote 
all three pictures (plate models 1A, 1B, and 1C), the flat, tortuous, varicose, deey eral plexus (3) 
parallel to the canal from 30 to 165 microns. marked, not only in the collector channel 


Ihe cross diameter varies from tive to 50 — but in the shape of the canal 

microns Plate 4A shows serial sections of a small 
Plate 3 shows serial sections of a large collector channel leaving the medial portion 

collector channel leaving the medial portion of Schlemm’s canal diagonally 

of Schlemm’'s canal almost at right angles The collector channels are not always 


The change from section to section is funnel-shaped or inverted cone-shaped, as 


je 
Plate 5. Model ».A (Dvorak-Theobald). ¢ anal of Schlemm und its anast 
4 nerve (9) from the ciliary body entering the sclera and coursing towar 


the large artery entering the deep scleral plexus (8) which an external colle 


the cornea \ venuole fror 
ctor ¢ nnel ha pomed 


ON THE CANAL OF SCHLEMM 


chilemm and it ‘ 
he lov 
before i 


hannel jou 


1936, Ash 


his find 


lhey are funnel as le scribed by riedenwald mn 


shaped, cylindric, or tic, the latter Mag ton and Smith could not corroborate 
flute-mouthed In several ings and agreed with Maggiore and Theobald 

that there was no real connection between 

canal of Schlemm. kf 


tor channel anasto 
from the canal 


described im the 


plore tern 
place Ss, alter the colle 
with the vein, the akes a wicl the arteries and the 


re embling the collector channels 


sels from the corneo 
studied 


ferent 


united with efferent ve 
and, unless these are 


curve toward the corne: 
curves ina river caused by a strong current 
scleral border 


ies, they may appear to be going to the 


{ plate 5, model lower collector channel; 
also plate 2, sections $87-553 (same as model 


canal instead of coming from it (plate 
453-420, 620-683). We should 


2) and sections 620-683 


There are no afferent sels to the canal, ections 1-75, 353 


model how 


M 

Model 1. Shows: One external collecto from the center 

oon dividing into two branches, one to tl cleral plexus; the other 

queous vein. (Right). Eye P947, Section ‘ Show Two external 

l and one from the center of the car | nn the deep scleral 
ollowing of a large 


rward to becor 
channels 
ends brar 


plexus w 


transscleral artery) 
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py! 
SS 3 “ 
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' 
2b 
Plate >», Model 2-B (Ly K- i ikd). Canal ot 
Iwo collector channels (2 ‘ me the canal « 
collector ml res the ead ot a 
comirse kward (7) rier (8) Venuole trom large artery and external collector 
nto the dee] cleral plexu ry nerve 
Plate 6A (Dvorak-Theobal 
im Plate 5. (Left). Kye P971 
f Schlemm’ ver 
courses 
Collet 
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not, therefore, speak of the connection of accustomed to see im textbook illustrations 


the anterior ciliary veins with Schlemm’s (plate 4A) but with a very irregular surtace 


canal but rather the connection of Schlemm’s toward the trabeculae. In some places the 


canal with the anterior ciliary veins canal is L-shaped ; in others it is double with 


(plate 5, especially model the inner portion contimuous with an inet 


Two models 
\t some points the canal is so small 


1-C) show well the irregular plexiform na canal 


ture of the canal of Schlemm. It is composed that it cannot be distinguished from the 


of from one to three lumina of varying thick sponge-pore spaces between the t1 ibeculae 
ness and varicosity, which anatomose freely Few blood corpuscles are found and these 
These models show the canal without a are present only in the viemity of collector 


sharp, definite immer margin which one is channels or where the large artery and the 


Plate 6C (Dvorak-Theobald). Eye P947, Section 18 


Plate OB (Dvorak Theobald) Eye 2947, Section 
oh 
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canal share a wall. The widest radial diame P791 and Eve P947 most carefully. It was 


ter is 462 microns ; the anteroposterior width not difficult to distinguish arteries trom veins 
averages 49.5 microns in the sclera. The veins are slits lined with 
More recently two other eves have been endothelium while arteries and arterioles 
prepared and studied have a thicker wall. | found no evidence of 
Eve P791 was the right eye o 5 2-ve% afferent arteries to Schlemm’s canal 
old woman. From this eye, 793 sections were Instead of wax plates, plywood was used 
examined ( plate 1B) and d matic draw for the construction of one model from lye 
ings were made, showing xternal colle 791 and two models from Eye P947, These 
tor channels 13 on the poral side and three models showed that in these two eyes 
11 on the nasal side the external collector channels left the canal 
Eve P947 was the lett e 4 of Sechlemm in a manner similar to that 
old man. From this eve, 5 found in Eve P705. It also interesting to 


were examined and the diagri ! ray note that both of these eves had very few 


ngs howed 31 external vile rel Ve] ) ri the limbal area In neither one 


which 20 were on the the arteries run along with the canal 


found in eve P'705 


on the nasal 
the external coll ‘ t In these three models the connection ol 


irregular interva the canal with the deep intrascleral plexus ts 


four to one mi l,m other pla hown 

of as much as two mn ety SiN The model of Eve P791 shows one ex 
channel ternal collector channel leaving from the 
After studying diagrat wings center of the canal and very soon dividing 


of the « x<ternal coll r channel { mito two branche core a branch to the 
3. and 4), Ascher expressed following deep intrascleral plexu and the othe 


opinion branch coursing tow ural the ep clera to be 


am urpri it eal come an aqueou vem plate OA) 


lhe first model made from Kye P947 was 


largest external 


your phe toy de from section 2 to 21 late OB shows 


locations ¢ ections cut on the bias causing a blurred 


the trabeculae. The key pictures 


Spec 


superhc vive an ile ias to the course ot the ves 


on h: where bio sco ‘ is re produced im the model ( plate Oo and 


frequet 


aqueou ns. (me more Iwo external collector channel leave the 


of interest: With the increasing inclination canal, one from the medial end and one from 
pared with the center of the anterior surface, and join 

most the deep intrascleral plexus, A branch trom 

proba lv wall | y radial. one could the deep intrascleral ple xus enters the cilary 


expect ipparently wide ou ose to the body presumably to yom the vortex veins; 


o'clock position Ww another branch courses anteriorly to become 
| nea an aqueous vein which eventually emptre 


were uit) 
itions your §] m co into the anterior ciliary veins. The large 


the living eve | really ; transscleral artery in this model sends ou 


n ta 


ir to the horizontal me _ mall branch which accompanies the deep 
Because Friedenwald reported finding af intrascleral plexus for a short distance 
i 


ferent arteries to Schlemm’s canal | revi he second model from this eye (P947) 


the slides ot ve P705 and tuched \ Vas the t interesting One 


12- and 
widest out 
9-¢'clochk 
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lye 


Plate 7, Sections 376-39 
Model 3 reconstructed 


ollector chann 


Plate 7, ( Dvorak-Theobald) 
947. Shows: Two external collector channel i 
the canal of Sondermam Iwo external 

The ul oO ‘ il 


Section 
s and 


I’ late Sect 
Theobald) ve 


that connect with 


lector 


sel 
channel 


ternal 


Plate 7, 


Section 


Plate 7, Section 390 (Dvorak-Theobald) 
plexus to the ciliary body 


1947. Show 


% 
( Dvorak-Theobald 
bye PO4, Show 
els which anastomose 
the ciliar other 
branch goes to the episclera, becos wqueou 
4 
ox 
ti 


It shows two external collector channel 


aving from the ends of the canal; a short 


canal they ana mose with 


vhich 


d stance trot the 


intrascleral plexu ends one 


the «lk 


branch into the eiliary body and another 


become an 


the 


branch into the episeclera, to 


aqueous vein. There are no arteries im 


vicinity of the canal 
with the 


rest connection 


Schl 


Sondermann 


Cot inte too, 


canal of mm, are the mnet canals oft 


sondermann are 
the 


Phe canals ot 


fascinating anatomic pathwa between 
trabeculum and the 

As described by 
thelial-lined 


right 


canal of S« hlemm 


Sondern these endo 


inn 
inals canal at 


angles to enter atrabeculat 


Phe 


easily traced into 


spaces intratrabecul 
the an 


Sondermann i re are five 


or six inner canals to each external channel 


in the vi 


1 re ctrons 15 


and that they are most numerou 


cinity of the external channel run 


through 


in width 


icrons, and are fron 


Because mutenes 


can readily be seen that they could be 


looked im oblique section spec ill 


from 20 to 25 microns in thick 


tions that are 


ness. Sections thinner than 15 micron would 


OF SCHLEMM 


791. Show 


external collecto 


more che sirable teow the study ol these 


canals and efforts should be made to obtain 

such sections 
Although thes 

could — be 


through 


705 ) 


down 


immer canals (eye 


traced microscopically 


the trabeculae the complex form 


of the minute spaces at the magnification ot 


“750 made their reproduction m wax im 
by means 


1200), to 


possible, However, it was possible 


of transparencies (magnification 


reconstruct. direct communicating channel 


between the anterior chamber and the canal 


could bn 


ections and in 


of Schlemm. In some instances thi 


done with four consecutive 


others with six (plate 9) 


In working microscopically, it is difheult 


to hold in mind the three-dimensional qual 


ties of these openings and pace It is only 


b 0 doing however, that one gets a true 


picture of thi 
Plate 
the 


labyrinth of 
P79) 


openings 


aqueou path 


( sections 381 and 


from the anterior 


the 


shows 


317) 


chamber mto the inner canal 


trabeculum, 
of Sondermann, and the beginning of an ex 
ternal « ollector « hanne!l 


Contrary to the belief of some observer 


the walls of the inner canal appear anything 


but deheate Just as the external collector 


channels and the cleral ire iit rn the 


em 
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Plate & Section 381 (1D ak-The 1), Plate Section 31 (Lvorak- The ikl). bye 
P791. Show Open the te mbet Inner imal of Sondermann and an 
into the trabecular er canal of channel 
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sclera lined with a single layer of endothe Each method of study confirmed the find 
lun © the inner canals are ts in the ings of Maggiore, Sondermann Ascher, and 
outermost laver of the trabeculum lined with Goldmann In reviewing the findings illus 
endothelium and, as such, thet ills have trated in Plate 2, which is composed of cam 
all the tough qualities otf the trabecular tibet era luc wia drawings ot the « inal of Schlemm 
As seen in Plate 9, the inner canals oft ind its connections, it should be en phasized 
Sondermann leave the canal of Schlemm at that sore branche of the deep ty iscleral 
right angle to joim the trabecular space plexu into which drain the ¢ <ternal collec 
lying parallel with it ( plate ‘9-2 tor channels, anastomeos« with the epi cleral 

It has long been recognized that aqueous veins to form the climeal aqueous vers 
humor flows freely from the anterior cham Phis occurs five times on the nasal sic inl 
nto the trabecular hese draw twice on the te por il live 
int ind reconstructions contin Sondet These finding erify the work of Ascher 
mann worl ind how direct connection ind Golde umn whe tit described these con 
between the trabeculae ind the canal ot nections clin illy im 1942 and 1046, OO mm 
Schlemm. thus torming open connections be terest, too, are the branche from the deep in 
tween the anterior chamber and the canal of — trascleral plexus entering the ciliary body 
Schlemm on the nasal side this occurs tour time 

ind on the temporal de. five time Model 
DiscussION AND CON¢ ION Plate 7 hows direct connections trom 

My contribution to the tudy ot chlemnu the canal ot Schlemn to the ep clera (aque 
canal ha been based on ( il microscope ou ein) and a branch nto the ciliary body 
section of three eve | e model of the Ashton cla cal contribution by mean 
canal of Schlemm and its connections were of Neoprene injections of! the canal ot 
made of wax and plywood, Drawings wer chlemm and the iscular system of the 
made of the canal of Schlemm and its con eve corroborated the work of Maggiore, 
nections by use of the camera lucida in Theobald. Ascher, and Goldmann and disa 
one-mm tep plate 2) vreed th edenwald’ find ny ot after 

By means of superu posed drawings on ent ves els to the canal of Schlemm 
transparent paper, it was [ ble to trace Thi inatomun tudy of serial section 
and reproduce the dramage tem from the shows the unobstructed pathwa for the 
anterior chambet through the ntratt ibecular outflow ol tron the anterior cham 
Spaces and through the nner canal ol ber to the antervor ciliary em ind to the 
Sondermann into the canal of chlemn ciliary bodys 
This could be done m= tre four to 
section 115 Laks treet 
« 

Plate 9-A, B, C, D, and FF (D k-Theoba Eye P70 ect 179 to 490 were ed for thes 
nd the 1 ‘ ye ere ed ont 
le t t etween the ‘ ‘ ‘ em ‘ 

(A) Section 45% ‘ i ‘ ‘ VA) ( 
inter er int ‘ r space Se 480 1 440 erimpos 
ther ving open connect ctween the ant er and the cat ' (D) Reconstru 
Schl E) Reconst 186 to 479 e1ween the anterior 


chamber and the canal of ochiem 
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Conjunctivitis of the newborn is a disease 
of great antiquity and was first recorded in 
the writings of Soranus, a contemporary of 
Galen. It was not until the year of 1750 that 
the dependence of the disease upon the dis 


the recognized by 


mother 


charges of was 
(ue Imalz.' It was almost 100 years before 
this fact was substantiated experimentally 


by Piringer (1841) Finally Netsset 
(1879)* and Bumm (1846)* established the 


role of the gonococcus in the etiology of the 


disease 

As early as 1807, Gibson® had advised 
preventive measures in newborn eye infe 
tions. These were the treatment of the 
mother before delivery, the removal of dis 


charge from the vagina during labor, and 
the eves of the 
It was not until 1881, 


the cleansing of infant im 


mediately after birth 


however, that Credeé® initiated prophylaxis 


with two-percent silver-nitrat solution 


dropped into the conypurme tival srt of Cat h eve 


immediately after delivery, Crede found that 


the 1m idence ot was reduced 


from 10 to 0.5 percent by this procedure 


ophthalmia 


The Credé method has undergone littl 
change except tor the general acce ptance of 
lver-nitrate solu 


a one-percent solution of st 


tion. In 1936, Thygeson’ studied 3,939 new 
born infants and reported an imeidence of 
ooo percent oft eve mtectrons (261 cases) 


There were 23 cases of im luston Compur 


tivitis in his series, and only one of gonococ 
cal ophthalmia. Thygeson modified the Cred 
method by washing out the eyes with 1 :8,000 
metaphen solution after birth, and by instill 


ing the silver-nitrate solution twice im each 


eve. He concluded that this method resulted 


in a very low incidence of gonococcal oph 


From the Departments ot Ophtl alt lowy, Ba 
teriology, and Obstetru ind Gynaecolog Uni 
versity of Toronto Faculty of Medicine 


(ORMSBY 


Foronto Faculty 


M 
M.D 
of Medicine 

anada 
thalmia but afforded no protection against 
the virus of inclusion conjunctivitis 

Public Health regulations in many parts 
of the civilized world still require the at 
tending physician to practice the Cred 
method of prophylaxis. Damage to the 
babies’ eyes by improper compounding ot 


evaporation ot the silver-nitrate solution has 
been reported in the literature but is of rare 
occurrence 

\llen 
nivet 
sily 
14,000 infant 
silver nitrate prophylaxis 
mild 
these 


and Barrere® (1949), at the State 


{ ity of lowa Medical School, followed 


infants in whose eyes two-percent 


er nitrate was used at birth, and over 


who had received one-percent 


chen ical con 


Ni 


have 


seque lae than a 


junctivitis m either of serie ver 


the less, been 


many excellent studies 


and 


made in an attempt to find a less tox 
equally effective substitute 
had ial 


prophylactic agent in ophthalmia neonatorum 


the 


Penicillin has extensive tt as 


and has been shown to lower incidence 


of newborn 
(1947)," Allen and 
feld (1951) 


been raised to the use of pemeillin for pro 
| 


by Franklin 
(1949)." Lehr 


Cibrections 


eve infections 


Darrere 


and others have 
phylaxis, however, on the grounds that it re 


more than one appli ation to the eves 


when used topicallly, and because of the 
danger of sensitizing the infant to its further 
Use 

Davidson, Hill, and Eastman (1951) 
reported a four-year study of ophthalmia 


neonatorum in which 9,241 infants received 


the occur 


penicillin prophylaxis, without 


rence of a single case of gonococcal 


first 2 463 


conpunme 


tivitis. In the infants, 


the 
jection of 600,000 units of penicillin G on 


group of 


mother was given an intramuscular in 


admission to hospital in labor, and this was 


repeated in 18 hours if labor was prolonged 


OPHTHALMIA NEONATORUM 


rABLE 1 


ETIOLOGY OF OPHTHALMIA NFONATORUM 
1950 1982 


> Sulface 
Prophylacti« Dy iv 1951 


Newborn babies 


Che mical reactiot 


lotal 


given a single intra State University of lowa Medical School 


90,000 units of pem Hospital, reported an incidence of 1.5 pet 


The infant at birth wa 
muscular myection of 
cillin G. In the second set of 798 infants cent positive cultures for the gonococcu 


a single intramuscular injection of 950,000 

units of penicillin was g tl nfant, but PORONTO OF OPHTHALMIA 
the mother was not tre vith pemeitlin SATORU 

A third series of 5,980 infants at another From October, 1950, until September, 
hospital were given sin of pen 1954. all eve infections occurring in newborn 
cillin infants at the Burnside (obstetrical) divi 


These authors mace urther study ot on of the Toronto General Hospital were 


$163 infants whom they divided into three s<amined by an ophthalmic re ident who wa 
groups ociated with the eve bacteriology labora 
Phe first group received one appli ition of ry for a period of one year. The finding 


penicillin oimtment | 100,000 unit per first two years have already been re 
gym.) to the eyes in diately after birth; ported by Cousineau and Lloyd (1952),’ 


the second group | intramus ind the third year y |. H. Quigley 
penicillin (50,000 ind the third (1953) 


group received two drops of one-percent Cultures were taken from the conjunctivas 


nitrate solution 1 I Wax Cap ules m of all discharymy eye by the morst wab 


each eve. There were of gonococeal technique and = plated on blood agar and 


ophthalmia im any of se infants. They Peizer medium Secretion meat were 


concluded that pemiclin omtment was an tained for bacteria by (;ram's method, and 


effective prophylacti and that its use re epithelial scraping with CGaemsa 
sulted in the lowest incidence ot discharg 1950-1952 Prophylaxi during the first 
ing eyes either of the three methods vear of the study consisted of Sulmefrin* 
\s a bi for their study, Davidson and olution, two drops in each eye following 
co-workers" took cervical cultures from 257 cleansing of the infant immediately after 
patients in the last trimester of pregnancy birth. This preparation ts a stabi l aqueou 
and successfully cultured the gonococcus 1n olution of the sodium s: wi fathiasnt 
seven, an incidence of 2.7 percent. Allen and 
Barrere,” m a simi udy (1949) at the 


"91 
1% NO) 1) twice 
1951 1946 
l 704 1.175 ; ow 
Staph pyogenes 17 cas cam cas 
1) pheumontat 11 ? 
Strep. viridans 11 | ? 
Inclusion bod i 4 
B. lactaerogene 0 
ge rrhea ; 0 0 
B. anitratum 1 0 0 
B. alkaliwene l | 
No growth 11 17 15 
97(5.6% 72(6.0% 88(7.4% 
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TABLE 2 


COMPARISON OF ONE-PERCENT SILVER-NITRATE 


PROPHYLAXIS IN ALTERNATI 


lotal 


lotal 
Prophylactic Agent Newborn Ophthalmia 
Infants 
1% Silver nitrate 442 st) 
10% Sodium sulfacetamide 44 29 
omtment (6.5% 


half and sulfadiazine (one 


half percent) and had been in use as a pro 
this 


(one percent ) 


phylactic for several years at the time 


study was commenced, During the second 


year (1951-52) prophylaxis at the Burnside 
sodium sulfa 


was changed to 10-percent 


cetamide ointment,* applied once only to the 


conjunctival sac immediately after birth, A 
parallel study was carried out at the 
Women's College Hospital where the pro 


phylactic was one-percent silver nitrate 


ResuULTS 


In | able 


to have caused the ophthalnita in the babies’ 


1 the etiologic agents believed 


eyes are recorded, and are compared with 
Phygeson’s figures (1936)? for gonococei 
and melusion bodies 

From Table 1 it will be seen that the 


incidence of gonococeal ophthalmia in each 


of these series is too low to allow for com 
parison of the effectivity of the prophylactic 
the To 


ronto study was less frequent than in that 


agents. Inclusion conjunctivitis in 


of Thygeson 

1952-1953. During the period from July 
1 to October 31, 1952, one half of the infants 
received one drop of one-percent silver-ni 
trate solution in each eye, and alternate 
babies received 10-percent sodium sulfaee 
tamide oimtment. J. HH. Quigley,"® in report 
ing the work of this period noted that nearly 
all infants receiving silver-nitrate drops de 


* Sulfacetimide: Schering 


AND TEN-PERCENT SULPACETAMIDE 


OINTMENT 


BABIES Quigle 


Ophthalmia on 2nd Ophthalmia after 2nd 
Postnatal Day Postnatal Da 
Non Nor 
Pathogens Pathogen 
pathogens pathogen 
4.6% 0.7% 18% 1.99% 
Viru 0.19% 
) 0 7% 1 


veloped a chemical conjunctivitis within six 


to 12 hours after birth but that only a tew 
of these reactions persisted beyond the 24- 
hour period. In Table 2, Quigley disregarded 
all discharging eyes occurring in the first 
postnatal day 

It will be seen that on the second postnatal 
trom 
be 


cultured with silver-nitrate prophylaxis than 
\fter the 


day there were more discharging eves 


which no pathogenic organisms could 


with sodium sulfacetamicde second 


day the number of discharging eyes in the 


about the sar 


two groups was 


(October 31. 1952. until September 
1, 1954, no prophylactic drugs were used 
on the public wards of the Burnside. Semi 
private infants received one drop of one 
percent silver-nitrate solution in each eye 
In Table 3, Quigley compared these two 
groups up till September | 1953. He dis 
regarded all discharging eves on the first 


postnatal day 

It will be seen from Table 3 that on the 
second postnatal day, in these two yroup of 
there was no difference in the 


intants, pet 


centage of discharging eyes from which no 


pathogenic bacteria could be cultured. The 
higher incidence of discharging eves after 
the second day in the public-ward babies who 


had received no prophylaxis may have been 


due to the greater crowding on this ward 


with increased chance for postnatal eye in 


tection 


series Of 2,587 new 


In Quigley’s entire 


919 of received no 


whom had 


born 
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rABLE 3 


INCIDI 


October 31, 1952 


Ophthal: 


lotal lotal Posts 
Prophylactic 
‘ Newborn Opt 
gel 
Infant thalmia Not 
pathoge 
1% Silver nitrate 783 19 3.5% 
6 / 
No prophylax 919 102 3.29, 
11.1% 


prophylaxis, there were three cases ot imelu 


sion conjunctivitis, and only one case ot 


sem 


Was a 


private infant who had received silver 


yonococcal conjunctivitis 


nitrate 


prophylaxis 
1953-1954. During the fourth year of this 


study. it was the aim of the investigators to 


vain further statistics on the imeidence ot 


gonococcal ophthalmia when no prophylaxis 


was used. other than the washing of the eyes 


at birth, During this same period semiprivate 


intant received one pereent ilver-nitrate 


prophylaxis 


In lable + it will econ that there were 
five cases of vgonococcal conjunctivitis in 
101 wbhorn babu rect ny ne prophy 
The two cases of meclusion conjun 
tivitis which occurred in this fourth year ot 
the study were in the group of 725 newborn 
receiving Oone-percent silver-nitrate drops 

TABLE 4 
INcIDE NCE OF OPHTHALMIA WITHOt PROPHYLAXIS 


COMPARED WITH THAT FOLLOWING ONI 
PERCENT sil ik 
September 1, 1954 September 1 1954 
No ( ases of : ases of 
Proph lactiu Gonococcal nclusion 
Newborn 
\gvent Oph Con 


thalmua junetivith 


No prophylaxis 


public w ard 1101 5 0 
1% Silver-ni 
trate drops 725 0 2 


September 1 


NCE OF OPHTHALMIA WITHOUT PROPHYI AXIS COMPARED WITH THAT FOLLOWING 
PERCENT SILVER NITRATI 


1953 (Quigley 


nia on 2nd 
ital Day 


Ophthalmia after 2nd Postnatal Day 


Non 


lath . 
pathogens hogen 


Pathoge 


(,4 
1.0% 0.6% 1.0% 0.1% 

1% 1 4 i% 


SumMmMARY oF RESULTS (1950-1954) 


During the over-all period of this study im 
8.418 birth intants 


19, 


which there were rin 


cle \e loped yonococcal conypunctivitts, and 
inclusion blenorrhea 


With Sulmefrin prophylaxis, in 1,703 im 


lant there were three cases of gonococeal 


ophthalmuia and seven cases of imelusion 


conjunctivitis 


With 10-percent 


sulfacetamide omtment 


prophylaxt in 1.570 infants, there were five 
cases of inclusion conjunetivitis and none 
due to the 

With one-percent silver-nitrate prophy 
laxis. in 3.125 infants, there were tour case 


of inclusion conjunctivitis and only one due 


to the yonococeu 
In the final two years ot the tucy, ima 
total of 2,020 infants on the public wards 


receiving no prophylaxi there were five 


of gonococeal conjunctivitis and three 


cast 
cases of inclusion blenorrhea 

In lable 5 these re ults are expre edn 
terms pe reentape 

Disct SION 

Although an attempt has been made to 
ompaile the statist for the tour years ot 
this study, it is recognized that the incidence 


of gonococcal ophthalmia im infants can no 


longer be ipated on a yearly basis nee 


prenatal care of the mothe determine toa 
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IABLE § 
PERCENTAGE OF GONOCOCCAL AND INCLUSION CONJUNCTIVITIS IN 8.418 NI WBORN INFANTS 
Sodium ig Silver No 

vVlakis 

Prophylaxi ulmefrin es Prophylax 
Cronococcal conjunctiviti 0.17 0.0 0.08 
Inclusion conjunctivitis 0.47 0 48 0.12 0.14 
lotal newborn infant 1,703 1,570 O20 
larve deyvree the fate of the child deliveries. The loss of potency which occurs 


Prophylaxis of gonococcal ophthalmia in 


newborn, by the intramuscular injection 


the 


the 


of penicillin in mother during labor, 


would seem to offer the best means of pre 


venting the disease in the infant. Hypersen 


sitivity reactions to this antibiotic, however. 


are increasing in frequency, and rule out this 
Similarly, treat 


procedure inl all deliveri 


ment of the newborn with intramuscular 
pemeillin would not be entirely free of 
danger 

Davidson, et al.,"' in their series of ovet 


6,000 newborns receiving a single injection 
of 50,000 units of penicillin, had two un 
explaimed deaths in syphilitic infants, in 
whom the possibility of a Herxheimer reac 
tion could not be excluded. In their entire 
series Of 12,036 infants given penicillin pro 
phylaxis, only one was known to have de 
veloped a sensitivity to the drug 
Nevertheless, it is well-established 
sensitivity to penicillin seldom occurs after 


is no doubt that 


that 


the first injection, and there 

some of these infants would exhibit rea 

tions im later years upon further treatment 
The use of prophylactic agents in oint 


ment base may be worthy of further trial 
In Davidson's series of 1,436 infants receiv 


ing one application of penicillin ointment, 


and in our own series of 1,570 infants re 


ceiving one application of sodium sulfaceta 
mide ointment, there were no cases of gono 
These howe ver, 


cocceal ophthalmia Series, 


are not large enough to prove the efficacy 
of this method, and it seems likely that more 
than one application of any antibiotic or 


to prevent 


sulfa drug would be necessary 


infection in all cases, a disadvantage in home 


in these a pe riod of time 


preparations overt 
is an additional disadvantage to their use 


In this study, inclusion conjunctivitis o 


curred in all series, and did not appear to 
be influenced by any prophylacti Some 
cases undoubtedly d us, since healthy 
babies left the hospital on the sixth day and 


this was the shortest incubation period seen 
The 


mild and cleared up spontaneously without 


course of the disease in all infants was 


treatment in many cases 


Injury to the babies’ eyes following the 
use Of one-percent silver-nitrate drops was 
not seen during this study. Mild chemical 
conjunctivitis on the first postnatal day fol 
lowing silver-nitrate prophylaxis was of 
little significance, and did not persist for 
more than 48 hours. On the third and subse 
quent postnatal days, discharging eves were 
due, in most instances, to pathogenic organ 


question of lacrimal-duct obstruction 
following silver-nitrate prophylaxis was not 


Allen and Barrere,” 


infants with conjunctiy itis, 


dealt with in this study 
of 22 


ina study 22 


found six superimposed upon obstruction of 


the nasolacrimal passages Four of these 
were in infants who did not receive local 
prophylaxis, and two were in those given 


one-percent silver-nitrate drops 
The occurrence of gonococeal ophthalmia in 


prophy 
the 


2,020 infants 


this 


of receiving no 


laxis at 


hive 
indicates 


practice. Silver 


birth, im study, 
need for continuation of thi 


nitrate drops were shown by Credé to reduce 


the mecidence of this disease from 10 to 0.5 
percent. Today, with the improvement in 
the venereal disease picture, one could ex 


basis of these statistics, an inci 


on the 


pect, 
dence of 0.012 percent, or one case of gono 
coccal ophthalmia in 8,000 new births with 
silver-nitrate prophylaxis 

Comparative studies of prophylactic agents 


obviously 


for ophthalmia neonatorum are 

inaccurate statistically, in view of the infre 
quency of gonococcal conjunctivitis, One 
percent silver-nitrate drops have stood the 
test of time, and in this study have caused 


no harmful effects other than a mild chemical 


conjunctivitis during the first two postnatal 
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mefrin solution in each eye at birth, one in 


3125 receiving one drop ot ome percent 
silver-nitrate solution, and none in 1,570 


infants receiving one application of 10-per 
cent sodium sulfacetamide ointment 

2. In 2,020 infants receiving no prophy 
laxis at birth there were five cases of gono 
coceal ophthalmia 


3. Mild chemical conjunctivitis was seen 


in most infants receiving one-percent silver 
This cleared 1s 


hours and no other seque lae were obse rved 


nitrate prophylaxis within 


conjunctivitis occurred in 


days. While we await the outcome of present 4. Inclusion 
and future studi with antibiotics and each series, and did not appear to be influ 
chemothet ipeuti igent it well to recog enced by any of the prophylactics \ll CASES 
nize that the Credé method relatively of this disease ran a benign course, and 
harmless, and is an efficient prophylactic many cleared spontaneously without treat 
measure for gonococcal ophthalmia in the ment 
newborn 5. One-percent silver-nitrate solution ap 
SUMMARY plied to the conjunctival sac at birth is an 
1. In a study of 8418 newborn infant ficient prophyiactic for gonococeal ophthal 
there were three case of gonococcal oph mite 
thalmia in 1,703 receiving two drops of Sul 170 Saint George Street 
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PRECANCEROUS AND CANCEROUS MELANOSIS OI! 
THE CONJUNCTIVA* 
ALGERNON B. Reese, M.D 
Clinical Professor of Ophthalmology, College of Physicians and Surgeons, Columbia 


University, and the Institute of Ophthalmology of the Presbyterian Hospital, New York 


A 
vet 


| have often commented on the high and 


rising standard of ophthalmology in the 
West. The realization of this laboratory is 
tangible evidence of the fruition of your 
efforts. Dr. Cordes, we rejoice with you in 


a magnificent accomplishment 

Those in the effete East must look to any 
laurels they may have if they do not want the 
ophthalmologic scale to be weighted heavily 


to the West 


wise men from the ast but with humility to 


I do not come now as one of the 


ask your help. | have a vague and uncertain 
notion regarding precancerous and cancerous 
melanosis of the conjunctiva and, particu 
| had hoped that some 
but 


I shall have 


larly, its therapeusis 


to 


help might accrue from a discussion 
find that this is not in order 
content myself, therefore, with a presenta 
tion of my material which you will find im 
conclusive in many respects 


The 


melanosis of the conjunctiva (hgs la, a 


lesion is identified as an acquired 


and 4) which appears about middle age, has 
a long period of many years in the precancer 
ous phase, when it appears to remain either 
to to the cancerous 


to 


Stathonary of progress 


or malignant phase, or sometimes even 


la, Ib, and 4) 


it seems to begin in the 


regress (hgs 
Histologic ally, 


basal layer of the epithelium and to show 


an intramucosal type of growth. Tissue 

* These tumors belong to the general indefinite 
group of melanomas -benign and malignant. I pre 
fer to designate them as precancerous and cancer 
ous melanosis because they represent a distinct en 
tity. These conjunctival lesions seem to me to have 
their exact counterpart m the skin and the mucous 
membranes elsewhere and have been referred to 
specifically (in addition to bemgn and malignant 
melanoma) as semle freckle (llutchmson), lentigo 
malin des vieillards (Darier), mélanose circon 


scrite précancéreuse (Dubreuilh), pracancerose mel 
anose (Miescher) 


) 


106 


wk 


cultures indicate that the growth is epithelial 


im character and quite different from the 
branching cells seen in tissue cultures of 
malignant melanomas arising in the uvea 
(figs. 5a and 5b). The diffuse nature of the 
lesion without tumefaction is another dis 
tinctive feature (figs. 2 and 3). This diffuse 
ness may manifest itself as widely scattered 
foci with no apparent continuity. Another 
feature of interest is a spontaneous variation 


la, Ib, 


in the degree of pigmentation (fi 
and 4).! 
differentiation from the 
1. Diffuse flat nevus 


fusion 


lesion under discussion may require 


following 
| he re can neocon 
and the 


flat 


between melanosis usual 


he al 


ways somewhat elevated, is well demarcated, 


nevus extremely rare nevus is 


and usually some microcysts of the conjun 
tiva can be seen. Microscopic findings from 
conclusive 


sections are 


2. Congenital melanosis which may be of 
two types stromal melanosis and con 
junctival melanosts 

Congenital stromal melanosis (fig. 6), 


which with the slitlamp can be located just 
under the conjunctival layer, is normally more 
from 


prevalent under the bulbar conjunctiva 


the 10 to l o'¢ lon k positions and le ss mark ed 
and less frequent under the bulbar conjunc 


tiva below between the 4- and &-o'cloch post 


tions. When not too dense, it can be resolved 
An ammated film was wi ematically de 
pucting the waxing ml wat 0 i rea con 
junctival precanerous melanosis (fig la and Ib) 
over a period of 23 years. The vi | representation 
Was base om 43 ketclhe i i 
measurements. Additronal mater ppled | 
visual records made at variiou tervals ‘ 
ture of five colored photographs and six artist 
drawings. The lesion gradually got larger and then 


practically disappeared twice 
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Precancerous and cancerous melanoss of the conjunctiva lu 


Precancerous melanosis A 


Cancerous melanoss imvolving al! of the bulbe 


conjunctiva except 4 smal) area natally {not shown here) 
“ é 


Cancerous melenoss, iustrating the characteristic diffuseness of the 


= 
— % i 
~ 
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Precancerous and cancerous Meianoss of the conjunctive 


4a Cancerous melanoss manifest @ spontanecou Gdecreate in pigmentation 
A 4 en 


Tissue cultures 


Figs. 4a, 4 
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with the slitlamp branching spider 


shaped cells char acteristic of the usual stromal 


melanoblast 


The usual color is a light brown but 
when the melanosis is dense, it takes on 
it bluish of slatv color. haracte stically the 


marked around the 


pigment is more emis 
saries of the anterior ciliary arteries, the 
ites of which are punctuated in the sclera 
by more darkly pigmented dot The loca 


tion, though, of this subconjunctival stromal 


pigmentation 1s seen almost in ariably im 


ndividuals who have an accentuation of pig 


bod 


ment elsewhere over the 


In cases of melanosis oculi this subcon 
junctival stromal pigment particularly 
marked and has a slaty-blu color here 
are abortive cases of elanosis ocult in 


which the subconjunctival stromal pigmenta 


tion may be pute marked over a sector or 


quadrant and may be accompanied by a 
| 


sector otf me lanost or the 


The incidence of subconjunctival stromal 


pigmentation in otherwise normal eyes 1s 
approximately 10 percent indi it ts practi 
cally always bialateral except in the abortive 
cast of melanosis ocul “Oo tar as | know 


this pigmentation never leads to malignant 


growth 
( figs 


Congenital conjunctival pigmentation 


7a and 7b) is located in the ba al laver of the 


epithelium (fig, 8) It een as a mottled 
irea of melanosis usually three to four mm 
in diameter and located at or near the limbus 
he idence ipproxit itely 12 percent 
otherwise normal eve ind its occurrence 
lo not have the ime relation hip or at 
least not so close a relations! p, as does the 
tromal melanosis to increase im pigment 
clsewhere 

The lesion een as merel pigmenta 
tion of an otherwise nor il ippearing con 
junctiva. Coursing through the pigmented 
area are ometime le triac fig. Za) 
When the location is strictly above or below 
the limbus, the striae have a very regular 
radiating course, giving a pa ding effect 


(hg 7b). This palisading is more marked 
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when the lesion is at the limbus below than 
when it is at the limbus above. The cleat 
striae and palisading are both due to a regu 


ar downgrowth of the epitheltum into the 
villus 
The 
pigmented are 


the 


submucosa wherein the ipices Of the 


projections are tree of pigment (hig. 4) 
which are 
Also, the 
mented conjunctiva ts perfectly normal and 


the 


ite pigment 


walls, therefore 


accentuated luster of pig 


usually there 1s a diffuseness to pigment 


with an ab 


The 


hue ence of punet 


stippling pigment is not accentuated at 


the limbus and on the cornea as con monly 
seen in acquired melanosis (fig. la) 

As to whether or not these areas of con 
genital conjunctival melane ever lead to 
malignant growth, | cannot sa Phe melano 
1 is usually of a le ores that coe not at 
tract the attention of the patient and, there 
fore, it 1s imp ble to get an accurate hn 
tory from patients with cancerous melanos 


or whether or not a previou melano 


existed. It is my impression that congenital 


conjunctival melanosis 1s not the forerunne 


ota neoplastr yrow th 


MATERIAL 


all available n 
countered in the Institute of Ophthalmolog 
Memorial 


[disease 


| have collected iterial en 


incl the and 


\lhied 


on this subject. Nevi of 


enter tor Cancet 


which might have a bearing 
the conjunctiva have 
134 case vhich 


been excluded. There are 


fall in the following group 
M the net 
me 
| leter ! ! ‘ 
of ( «pune 
eT i Tt i 
i ‘ 
144 
I he lave naterial ha been analyzed 


th two objective mt nl (1) a detern 


nation of the prognosi 2) a critique of the 


treatment 
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DeTERMINATION OF PROGNOSIS 

From my series, there are only 30 cases 
of cancerous melanosis having microscopi 
sections for study and an adequate follow-up 
of five years or more Of these 30 cases, 14, 
or 40 percent, of the patients have died from 
metastasis of the tumor. This estimate ts 
low because the following 13 cases not in 
cluded have recurrences with the final out 
come indeterminate, or, with the exact cause 


of death unknown 
CASES 
1. Multiple recurrences with repeated local 


excisions 


2. Multiple recurrences treated by excision, 
radiation, and finally exenteration 2 

3. Multiple recurrences with local excision, 
and finally enucleation l 

4. Multiple recurrences and radiation with 
fatal termination but cause unknown l 

5. Multiple recurrences treated by radia 

tion, thermophore, and enucleation 
Died, but cause unknown l 

6. Recurrence in brow following exentera 
thon 

7. Recurrence and enlarged liver but final 
outcome indeterminate ] 
Torat 13 


From the 37 cases in my series diagnosed 


from the microscopic sections and/or the 
clinical picture as precancerous me lanosis 
there are only 20 patients followed ade 
quately, averaging six and one-half years 
This period is not particularly significant in 
view of the long time most cases require to 


show frank malignant changes. 


CRITIQUE OF THE TREATMENT 

An analysis of the patients with cancerous 
melanosis who died, or have had recurrences, 
showed that the treatment employed was as 


follow 


CASES 
Multiple excisions (2-5 times) 9 
Local excision (1 time) 2 
Multiple excisions (2 times) and exentera 
tion l 
Multiple excisions (3 times) and radia 
tion l 


Local excision (1 time), radiation, and 
exenteration 

Exenteration 

Radiation 

Radiation, excision, and exenteration 


— 


B. REESI 
Flectro-coagulation and exeniterat 1 ] 
nucleation and exenterati : 
Radiation, thermophore nd enucleation ] 
Multiple excisions and enucleatior l 
lreatment not known 
Toral 7 


An analysis of the treatment carried out 
in the patients with cancerous melanosis who 


survived five years or longer is as follows 


Exenteration 

Excision 4 
Excision, coagulation 

and enucleation ] 

enucleation ] 

TOTAL 16 


Eleven of the patients with precancerous 
melanosis have had one excision; two pa 
tients, excision and radiation ; three patients 
radiation alone; and four patients, no treat 
ment. The two patients treated by excision 
and radiation had the latter because of a re 
currence. Two of the untreated patients have 
shown some progression 

It is most difficult to know how to treat 
cases belonging to this group of neoplasms 
In the first place the benign phase seems to 


gradually into the malhgnant 


phase and it is often impossible to sa 


merge very 


clinically or microscopically, in which phase 
the tumor is. The average time between the 
detection of the melanosis by the patient 
or the physician and the time when treat 


Phere 


precancerous 


ment is instigated is about eight years 
are instances which the 
melanosis does not go over into malignant 
melanosis and even times when the precan 
cerous or cancerous phase reyresses \ 
perusal of the treatment listed in the un 
successful cases leads to the belief that 
usually it is a question of too little too late 

The various therapeutic measures usually 


employed will now be discussed 


l LOcAL EXCISION 


The analysis of the cases which have been 


followed for various lengths of time show 


melanoss of the conjunctiy 


> 
e 
> 


ongenital stromal mela 


Co 


njunctival melanoss 
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one thing definitely and that is that local 
excision is not the indicated treatment. There 
is no objection to excising the lesion for 

icroscopic nation | do not beheve 
that the progno s jeopardized by so dome, 
In the borderline case however, the report 
on the micro copic eXa nation otten in 
es e. The reason local excision ts not 
ndicated as a rule, even in the benign phase, 
is that the lesion characteristi lly a diffuse 
one 
2. RADIATION 

It true that the lesion is raciosensitive 
incl hows a triking clinical regression 
\lthough we have a number of case which 
have responded to radiation when the lesion 
was in the precancerous stage, it is my feel 
ng that it is not an effective treatment im 
preventing a lesion which is destined to be 
cancerous from going over into the malig 
nant phase. The ditfusen of the tumor 1s 
one reason 
) | i 

I a ire that enucleation is contraindi 
cated The |e on attect the oniuneti i and 
nol im one te but frequently simultaneou ty 
at multiple areas. It not wise, therefore 
to re ove the globe inal |e ive the 7 ed or 
potentiall diseased conjunctiva 
1, EXENTERATIO 

ine reason that it liffeult to outline 
the treatment is that e probably have no 
effective therap toy ‘ ept exenteration 
of the orbit. 7 borne out by the tact 
that ha ot the wecessful cases had exen 
te on « the orbit perfor ed at a rela 
tively ear stave of the disease. When an 
exenteration hould bye lone otten prob 
lematical. We therefore have to swing from 
the most conservative p« licy of watchful 
waiting to the most radical form of surgery 
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eyelids. Brit. J. Plast 
Le ! rite pr 
er Ri 
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employed in ophthalmology—exenteration of 


the orbit. Furthermore, this is advised for a 
lesion which from. the patient s standpoint 
and sometime from the doctor's appears 
trivial. In view of the high mortality I am 


inclined to advise an exenteration of the orbit 


when an area of acquired melanosis has 


shown unmistakable evidence of steady pro 


gression and sections of the lesions suggest 
a malignant cytolog 
C ONCLUSIONS 
1. Acquired melanosis of the conjunctiva 


must be differentiated from congenital mel 


anosis which may be of two types stromal 


and conjunctival 


\ quire d melanosis often shows a spon 
taneous waxing and waning of the pigment 


content 


a mortality of 


ha 


H) percent, probably considerably 


3, Cancerous me 


at least 
high 
+. Cancerous melanosis is a type of malig 


nant melanoma different from the mahgnant 


elanoma of the uveal tract as evidenced by 
tissue culture 

5. When the lesion is mn the cancerous 
phase, the indicated treatment ts exenteration 


of the orbit 
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FURTHER OBSERVATIONS ON SEQUELAE AND TREATMENT OF PROLAPSED VITREOUS 
PROPERTIES OF VITREOUS DEPENDENT UPON THE HYALURONIC-ACID CONTEN1 
S. RopmMan Irvine, M.D 
Clinical Professor of Surgery, Ophthalmology, University of 
Califorma School of Medi ine at Los Angeles 
Reverly California 
AND 
Rorert Pu_D., anp Joun W. Rowen, 

/ Angeles, California 

In the Seventh Proctor Lecture, which | lapse of the vitreous occurs with aging, 


was privileged to present in 1952, I discussed along with dehydration of tissues elsewhere 


a number of pathologic states of the vitreous, 1m the body. And it ts interesting to speculate 


and attempted to ¢ xplain them on the basis as to whether or not the hydration of inter 


of the known anatomy, histology, chemistry, cellular spaces may be maintained in the 
and physiology of this structure.’ For this same chemical fashion as in the vitreous 
presentation, | would like to elaborate further Will the study of hydrating properties of 
on this topic, in view of developments in the vitreous perhaps give us a key to undet 


our understanding of the vitreous brought standing other tissue changes now accepted 


about by research carried on during the past as normal aging processes ¢ 


two years, referring particularly to research The vitreous liqueties as a_ result of 
at the University of California at Los An trauma, disease, and degenerative states, as 
geles in myopia and retinal disease. In fact, lique 


indica 
of 


faction of vitreous may be a sensitive 
States \ 


vitreous has been 


(CLINICAL OBSERVATIONS 


tion of early pathologic 


Partial spontaneous liquefaction and col the 


CACESSIVE 
suggested as a factor in producing glaucoma 


of the 


the 
the 
at 


and 
ot 


ot Ophel almologwy 
Physiological 
the 


From the Division 
Department 


Medi al S« hool 


of Chemistry anterior face vitreous loses nor 


University Cahtornia 


of of 

mal permeability under certain conditions 

Los Angeles, and the Estelle Doheny Eye Founda litions, 
tion as in diabetes, inflammation, and acute giau 
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block 


alignant olau oma 


coma, tending to produce pupillary 


and glaucon i, even 


When \ gets into the anterior cham 


ber. where it should not he two rather dif 

ferent sequence ot events may 
First, when treous enters the anterior 

chamber as a re ult of gpel ition with loss 


ope ration, it usu 


char 


ot vitreous at the time ot 


ally tends to leave the anterior ber by 


und hyalinization ot 


a process of contraction 

the anterior face so that, after a period of 
time, Varying tron weel to months, the 
anterior chamber is filled with aqueous agaim 
and the vitreous een to be even with or 


behind the pupil a in anterior condensed 


transparent layer, melining torw ird into the 


anterior chamber in the region otf the 


colo 


boma or wound 


Behind this anterior tace the normal 
underlying moire ot treous structure with 
different degrees of curled conglomerat 

treou Opacitie lhe anterior tace ot the 
itreou ittached to the wound in the re 
gion of the operative coloboma, or ove! 
riding the iris m case n which an iridec 
tomy has been perlorme lL. th anterior tace 
extends into the anterior chamber in this 
region, appeal ny a i tat tran parent ul 
face. in front of which the aqueous hu 


lace 1 ittached to 


no}. This 
the iris and tends to pull the irts 
the wound, producing the typical 


pupillary 


vitreous 
up toward 
ock 


ph neter has been 


han I 


pupil, une the 


cut rn the 6-o'clock posit on 

[he traction on the ind on the ciliary 
body leads to pain and int tability of the ey 
the pain often following the distribution ot 
the nasociliary nerve being referred to the 


inner canthus, brow, and nose 


Additional traction sequelae, a detached 


retina, macular degeneration, cyclitis and 
phthisis bulbi, may ensue It has been as 


contraction Was 


sumed in the past that the 


the result of contracting fibrous and endo 
derived pre 


wound, An 


thelial elements on the vitreous 


ibly from the 11 ind the 


sur 
explanation then become necessary as to 
why this fibrous tissue transparent, and 
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why certain contraction phenomena are evi 


dent at an early stage, before fibrous tissue 
vould have a chance to become manitest 
\Iso. the anterior vitreous layer, when ex 
ymined histologically, shows cellular struc 


ture 
It is 


pu ture, 


sparingly, if at all 


interesting to contrast this characte 


ist resulting trom loss ot formed 


vitreous at operation with the second pi 


ture which seen when vitreous comes ito 


the anterior chamber late m the postoperative 
| 


period, as 1s frequently seen alter cataract 


surgery, with prolapse of intact o1 ruptured 


vitreous into the anterior chambet Im this 


event, the vitreous does not torm a re 
tracted glassy membrane that 1s even with or 
behind the pupil but, in tead, remams m 
the anterior chamber as a jelled, movable 
blob which may have one or two strandlike 


ittachments to the wound, or ay undergo 


liquefaction and apparently be replaced by 
ple aqueous 


It was speculated in my previous papet 


whether this vitreous would remain in a gel 


form or be liquetied dep nded upon the re la 


tive amount of insoluble collagen structure 


present, It was te It that the per yheral vitre 
| | 


ous. near the ora serrata, the base of the 
vitreous, contained more insoluble protein, 
collagen, than did central or pupillary vitre 
ous, and that the presence of more ot this 


peripheral vitreous in the anterior chamber, 


with its higher collagen content, explained 
failure to liquety 
pointed out that the enzyme hy 


could 


acid but probably could not dissolve 


It wa 


oluble hy 


aluronidase liquefy the 


aluroni 


collagen; and that according to Pirie, there 


an interdependence of the oluble hyalu 
gel and the 


each protecting the other from 


id id in oluble collagen 


omporne nts 
umed that collagenase 


degradation lt was a 


needed to con 


the 


itt oluble 


allect 


would be iffect the 
hyaluronidase to 


final clinical pu 


stituents, and 


soluble portion of the to bring about 


liqque faction; and that the 


ture after vitreous entered the anterior cham 


ber would depend upon the relative propor- 
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tions of these two enzymes, plus the relative 
concentrations of their substrates in the an 
that is 


upon soluble constituents predominated it 


terior chamber if gel dependent 


would be liquefied by hyaluronidase as hyalu 


ronidase is being continuously secreted, 


whereas, if gel dependent upon insoluble 


collagen framework predominated, the gelled 


blob would remain in the anterior chamber 


Certainly this clinical fact is apparent 


that gross loss of vitreous at operation, with 
vitreous body, 


considerable trauma to the 


alters the structure considerably as judged 
by the 
the vitreous and the aqueous, indicating that 


that 


formation of a flat interface between 


the factor of trauma, over and above 


of enzymatic action, is important in deter 
mining the final picture 
( rv above ob 


blob of 


would assume from the 


servation and speculation that a 


vitreous in the anterior chamber, interfering 
with the function of the eye, by virtue of 
opacity of either vitreous or contiguous cor 
neal endothelium, could be corrected by 
simply stirring up and thereby traumatizing 
the vitreous. This procedure should cause 
the vitreous to liquefy, or to contract into a 
membrane at the pupil 

instances we treated 


In six patients, 


with vitreous blobs in the anterior chamber 


which interfered with vision, by the simple 
procedure of stirring up the vitreous in the 
anterior chamber. In one case there was im 
mediate, miraculous disappearance of the 
vitreous and clearing of the cornea. In the 
other cases, the vitreous remaimed present in 
a conglomerate mass in contact with the 
ancl the 


desired effect 


cornea procedure was without the 


Injection of air at the same time did not 


remove the conglomerate vitreous from the 
anterior chamber but, when this procedure 
was combined with posterior sclerotomy and 
formed vitreous was forced out of the scle 
rotomy wound by the injection of air into 
the anterior chamber, the anterior chamber 
remained free from vitreous thereafter 


Chis method of treatment was produced 
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by Leahey,? and he reported good results 


in 12 cases. We confirmed his observations 


that this is the best way to remove vitreous 


from the anterior chamber, and we made 


further observations in an attempt to ex 
plain the “modus operandi” of the procedure 
For instance, if one pulls on the formed gel 
at the sclerotomy wound, gross traction on 
the vitreous in the anterior chamber is readily 
observed, and the iris is seen to move with 


each tug on the vitreous, This is evidence of 


the cohesive strength and continuity ot 
formed vitreous 
It is important that formed vitreous bn 


brought into the sclerotor wound, not 


vitreoid aqueous, to accomplish the «cle sired 


result. Through this formed vitreous, pres 
ent at the sclerotomy wound, oozes vitreoid 
aqueous 

A vitreous fistula is apparently created 


i 
altering the normal flow of vitreoid aqueous 
4] 


so that the anterior-posterior flow of fluid 


sucked bacl 


shaped fashion until the sclerotomy 


causes the iris to be in funnel 


wound 


is completely sealed. Coincidentally, the con 


tents of the anterior chamber seem to be 


drawn posteriorly 


Contraction of the formed cohesive vitre 


sclerot wound, The 


toward the 


ous is omy 

traction phenomena seem to be immediate 
too soon for fibrous tissue elements to be a 
factor. This sucking back of the ints fron 
vitreous fistulas was described by Lindnet 
and I have often observed it with imyurte 


of the posterior segment 


LABORATORY STUDI 


In any consideration of liquefaction of the 


vitreous, whether resulting from trauma or 


enzyme action, questions arise as to the abso 


lute evidence for the presence of hyalu 


ronidase in the vitreous, and for evidence 


that, if present, hyaluronidase may only pat 
tially lique fy normal vitreous 
Fundamental investigation on the composi 


tion of the vitreous and the factors involved 


in gelation and liquefaction of the vitreous 


has been a joint project of the Icstelle 
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1 
INDIRECT EVIDENCE OF THE PRESENCE OF HYALURONIDASE IN THE VITREOUS 
lime to Reduce Viscosity of 
\dded 1 bal ironate Substri 
\ i il Cord Hyaluronate ubstrate Substrate to One Hall 
Addition of Minutes 
> plus 10 me ascorbate 5 
Ht lase vise ity units per ce sO 
4 c.c. with 2 mg Cu 104 
} \V itre or containing 2 mg. % Cu Viseosity not reduced to 
half in 120 minutes 
Views 99 
Doheny Eve Foundation and the Division breakdown of hyaluronic acid); (2) hyalu 
of Ophthalmology ot the School of Medicine ronidase 3) hyaluronidase and copper; 
of the University of California at Los An (4) vitreous humor and copper; and (5) 
veles. Robert Brunish, biochemist ind John — vitreous humor alon 
Rowen, physical che t. have been carrying he viscosimetric method of Meyer was 
on this investigation.” * used for the hyaluronic acid assay 
Me yet and hi ) vorke cle monstrated I he inhibition ot enzyme action by coppel 
the presence of hy iluronidase in the irs vell known. The oxidative breakdown by 
cuiary body, and mucou It has not been copper and a corbate through formation ot 
isolated from the vitreous because ot the HO. must be distinguished from enzymat 
extreme low quantity of total protein ind breakdown by hyaluronidase ince vitamin 
even more so of hyaluronidase and the ex ( jis normally present in vitreou The hy 
treme instability of hyaluronidase in dilute aluronate substrate alone wa perfectly 


olution 


Upon concentration of vitreous samples 
to alle ulficient h iluronmidase concentra 
thon tor olation and demonstration of thi 
ubstance. Brunish ran into the difficulty 
ot attaining uch a relat high concentra 
tion of hvaluronic acid that hyaluronidase 
could not be succe ve olated, Since the 
enzvinatt deco tion of hvaluromie ac il 
nhibited by the accumulation of the prod 
uct of thi reaction bole 
to easure hvaluronidase activity the 
presence of an overwhe of the 

ibstrate 

Indirect evidences thes sought ; ind 
Urunish and Rowen present their findings 
itt | ible ] 

Umbiheal cord hyaluronate iostrate wa 
prepared and the time vere determined 
which are required to reduce the viscosity ot 


nall its orig 


(l) Copy 


the substrate t nal visco 


one 


addition of vr plus ascorbu 


acid (which would produce nonoxidative 


stable at 36°C. and addition of neither cop 
per nor ascorbic acid alone affected its vis 
osity 

On the other hand, as seen in Table 1, ex 
periment 1, copper and ascorbic acid to 


gether caused rapid depolymerization of the 


hyaluronate, probably by oxidation through 

formation of hydrogen perox ile 
Hyaluronidase (experiment 2) reduced 

the viscosity to one half im 30 minutes 


vith added tool 104 


indicating inhibition of the enzyme 


Hy 


slurontidase copper 


action by copper 


Vitreou with copper added, failed 


to reduce the viscosit avai, m 
hibition b copper the pre entom 
the vitreous. On the other hand, vitreou 


humor to whi h ne coppel olution had been 


vided reduced the cosity to half in WY 
‘inutes. indicating that hyaluronidase 1s 
present in the vitreou 

The fourth experiment shows failure of 


addition of vitreous humor and copper to 


BRI 
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NISH 
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AND J. W 


Rowen) 


trumesh, and 


l, 


( Irvine 


(Il) 


Fig. 1 


untreated, gamma 


albumin 


reduce the of the hyaluronate sub 


This warrants further explanation as 


viscosity 


strate 
we would expect the ascorbic acid present 


in the vitreous, with copper, to react to form 


Huw) and produced oxidative breakdown of 
the substrate, as took place in Experiment | 
Two processes may preve nt this reaction 

itreous, catalase, 


\ second enzyme im the 


may remove H,Q, as it is formed, not al 


lowing the oxidative breakdown by Cu** and 


ascorbic acid to proceed In this case, hy 
should be free to aet No re 
action occurred because ot the 


coppel We 


hyaluronidase is present in the vitreous for 


aluromidase 
inhibition of 
ssume that 


the enzyme by then a 


vitreous alone, added to the umbilical cord 
hyaluronate substrate, reduced the viscosity 


of the substrate. 


Flectrophoresi 


globulin 


filtrate (pli u 


of beet 


iuromadase degrace filtrate 


why hyaluronidase may only 


Now. as to 


partially liquefy vitreous, the following 


of experiments by Brunish are rele 


series 
vant 


First, the results of electrophorett inaly 


ses of vitreous humor to determine the 


pro 


tems present are shown in ligure | 


live peaks are apparent in the electro 


can disregard (1) on 


phoreti patte rm We 
the left as being the salt anomaly. Considera 


tion of analyses by othe workers led 


that the presence of 
gamma globulin, and 


monstrated 


Brunish to assume 


serum albumin hya 


luronic acid would be ce 

Albumin was added to samples of vitreous 
and, as seen in (IL) the third peak was en 
hanced and this peak then represented al 


bumin 
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(Gaamma globulin wa idded with no en 
hancement of any pea ilready demon 
strated, but nstead ippearance of an add 
trona pt he obilitye repre 
sented by the different peal ippe ired 
ir to those lor albu I ilpha and be i 
globulin, while gamma globulin, according 
to these result Wat not demonstrate dl 
uwling co ponent deneced by the 
harp pe ib i i t hvaluronn 
wid, To conti th nption, hyalurom 
da Wil vided to a once! ition uch a 
would cause the tree unple to lose it 
It wa int pate 1 that the hya 
luronic-acid jn ik would then d ippear tron 
the electrophoreti pattern lt noted (1\ 
that the sharp } il a ed b i short 
broa let il 
lo determine whether or not this residu 
component might be a protein asse 
ciated ith the hyaluror rT rather than 
i poly accharicl fraction. re tant to the 
enzyme, th treated fraction i eparated 
electrophoretically upon paper ind the tra 
tions stained with bre pheno rlune i con 
ventional protein stam. In I ire 2, three 


bands are seen, 
min, alpha, and beta globulin No band wa 
een m either the ga i globulin region 
or in the region where the hyaluronic ma 
terial would be found. The residue wa 
then a nonproteim re lue, and ust be an 
enzvme-resistant traction of the poly 
charide, hyaluronic acid 
lo characterize carefully the sodir hya 
luronate trom vitreou mot nd to stud 
further this seeming en tant tra 
TABLE 2 
COMPOSITION OF 
DItM HYA ATI 
ental Calculated 
Carbon 49 64 41 80 
Hydroge 5 46 500 
Sodium 5.74 
Nitroge 44 3.49 
Phosphoru 0.07 0.00 
Sulfur 0.06 0 00 
\cetyl 9 10.70 
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bilter 
filtrate (pH 


Ol): CA) bee eru (ih) ncentrated 


on. sodium hyaluronate 


etergent technique developed b ot 
im of the \tomie 
roject, Unive ty of Califormia, Lo \n 

itely 1.000 beef eve were 


\ppre 
prepare each gram ot purified 


the 


equired to 


odium hyaluronate. Table 2 presents 
analy of a representative sample of this 
iterial 
he theoretic values in Table 2 are cal 
ulated. assuming that the hyaluronic acid 


ed of equivalent molecular amount 
| 


col po 


ff acetyl-glucosamine and glucuronic acid 


I he well with the 


ental values agree 


rit 


esting no contamination by 


theoreti 
protein, glycogen, salts, or water The small 
umounts of sulfur and phosphorus, which 


ent pol 


acid, indicate that the hyaluronic ac idl 


may repre ulfated iwecharick or 


nucler 


is at least YS-percent pure 
Electrophoresis of this hyaluromie as id and 
the material left atter enzyme action upon 
it hown in | yure Here again i broad 
peal I een after hya uronidase action hex 
tending the enzymatic action to 24 hours, and 
ridding three aliquots of enzyme at tour 
hour intervals, did not alter the finding 
When the olated hyaluronic acid was ex 
amined in the ultracentrifuge the same sharp 
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\ itreous 


Fig. 3 (Irvine, Brunish, and Rowen) 


humor sodium hyaluronate (pH 8.6, w= 0.1): (A) 


untreated, (B) after hyaluromdase action 


peak was observed before enzyme action, 
and a similar broad peak after enzyme di 
yestion 

the nondialyza 


ble material left after enzyme action showed 


Klementary analyses of 
the same distribution of carbon, hydrogen, 
nitrogen, and acetyl as the original mate rial. 
This suggests that the 


glucuronic acid 


glucosamine and 


residues must alternate 


throughout the molecule, without there being 


a local concentration of one type of residue 


with peripheral areas contaming a pre 


dominance of another type of residue 


If this were the case, partial degradation 
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core” with an appreciably 


should yield a 


different chemical composition tron that of 


the molecule as a whole lhe resistance to 


complete degradation has been seen with 
hyaluronate preparations trom various 
sources, and in several laboratories in addi 
tion to our own, while other workers claim 


to have obtained the theoretic maximum 


hydrolysis 
soluble 


ous cannot be completely broken down by 


work. demonstrating that even the 


hyaluronic acid component of vitre 
hvaluronidase, may be important in any eX 
planation of why vitreoid aqueous although 
it has lost its gel structure and the viscosity 
is reduced, still remains sticky and grossly 


ry explain the 


different from aqueous. It ma) 
incomplete liquefaction of vitreous in the 
anterior chamber under some circumstances, 
without need for postulating the presence 


of collagen to explain the failure of break 


down 

The size and structure of the hyaluronic 
acid molecule was then studied in an attempt 
to determine whether or not these mol 


cules were of such a structure as to explam 
some of the physical properties ot vitreous 
humor, such as the turgescence 

By using the newer biophysical techniques 
of streaming birefringence and light scat 
and Dr 


length and molecular 


tering, Dr. Brunish Rowen esti 


mated the weight of 
Che solution, containing the 
the 
and the polarization of light to varying de 
and 


the molecules 


1 


macromolecules, alters course of light 


grees, depending on the size, shape, 


alignment of the molecules in solution, and 
technique s have been evolved based on these 


principles, whereby the size and shape of 


molecules may be determine d 
lheir results* indicate that the hyaluronic 


acid molecule must be between 7,000 and 


10.000 Angstrom units in length, and must 


have a molecular weight of 400,000 to 


1.000.000 Data soon to be publi hed prove 


that they were determining the ze ot 


not micellae, or con 


rma romole cules and 


* 
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magnitude ot 


eration of molecules length of 


is in the order of 


the molecules 


the length of the tobacco mosaic virus, and 
des-oxy-rhebo-nucleic acid 

The nolecular weight alues, together 
with the length values, obtained by strean 


lead to a concept of the 


sodium hyaluronate molecule as essentially 


molec ile not appreciably 


in unbr im he d 


1 or folded, devoid ot 


oled 


parallel un 


by inched chains theretore visualized 


long threadlhike ecule containmg 


i> al 

many hydroxyl groups, and, at 10 Angstrom 
unit intervals, charged carboxyl groups. By 
virture ot these easil iccessible hydro 


olecule 1 ible to bind ex 


philic groups, the 1 


tremely large water and pro 


quantitie ol 
tein 


The 


molecule 


data on the nature of the hyaluronate 


allow one to postulate that under 


appropriate condition these molecules 


might form three-dimensional network 


which traps water and results in gel forma 
maintaining the turgor of the 


Any 


tion, thereby 


vitreous humor ilteration in the state 


of the molecule, as coiling or contraction 
could explain liquetacts n of the vitreou 
humor, the molecule binding less water than 


normally, and could also be related to con 


traction and collapse of the vitreous struc 
ture 


The le neth and configuration of the n ole 


cule would become an extreme important 
factor nN establish ny the ph sit il proper 
tie a tor example \ osit ind ela 


ticity, be ny even more in determin 


ing these properties than the actual chemical 


composition of the molecule 

Another conjecture with regard to the 
length of the hyaluronic-acid molecule, 1 
that this length might be a factor in onent 
ing any growth of fibrous tissue to make it 
more regular and perhap by virtue of this 
regularity, might explain the maintenance ot 


vitreous membranes 
have solu 


yaluroni i 


treous humor, a 


id ind 


then, im v 


protein 


Im pos 
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sible gel formation. The question arises: 
“Is hyaluronic acid alone responsible for 
the gelation of the vitreous ?” 


acid, 


when combined with physiologic 


Hyaluroni isolated from vitreous, 
saline, does 
not gel if in the concentration found in the 
vitreous ; that 1s, 0.06 to 0.07 percent 

A 0.9-percent solution in saline will gel 
but 


percent solution, in water, will gel at 30°C. A 


at 2°C. to 3° not at 36°C. But, a one 


0.2-percent solution in water has a viscosity 
of 29.8 


these 


pletely gelled, exhibit definite 


solutions, although not com 


thixotropy 


ind elasticity. In all probability, 1 olation of 


hvaluronic acid alters its native state, and 


so affects the tendency to gel 


Soluble and insoluble proteins, in com 


bination with hyaluronic acid, may imerease 


gelation properties, but no protein has been 
isolated from the vitreous which, by itself, 
in concentration approaching that present 
in the vitreous, possesses nearly the hydro 


phaly capacity ot hyaluronic acid 


There is no reason theretore, to doubt 


that hyaluronic acid plays an important part 


in the maintenance of the vel state of the 
itreous, although the presence and intera 
tion of protein may be a contributing fae 


tor. The only alternative explanation would 


be in regarding the vitreous as a viscous, 


nongelled solution trapped in a three-dimen 
sional protein mesh 


While the leaking away of vitreous upon 


cutting its surface would be explained by 
such a structure, the turgor and elasticity, 


as well as the cohesive continuity and con 


tractability of formed vitreous, lead us to 


Vitreou tructure as a vel in 


whi h 


tribution through diffe: 


postulate the 


a network of protemn fiber vary in 


size and in their d 


ent parts of the vitreous body, as described 


by Ganignolo and other 


It seems likely that, in the near future, 
the electron 1 cTo COpn ind newer method 
for study of submicroscop tructures may 
reveal relation hips between hyaluromic ae id 


S. R. IRVINE, R. BRI 
molecules and protein fibers that will give us 
a more accurate pi ture of the phy sical state 


of the vitreous 


SUMMARY 


1. Vitreous in the anterior chamber, as a 
result of loss of vitreous at operation, tends 
to leave the anterior chamber by contracting 
into a condensation interface between vitre 
ous and aqueous, at the level of the pupil, 


but extending forward to the wound. Vitre 


ous entering the anterior chamber late im 
the postoperative pe riod may persist as a 
gel in the anterior chamber or be liquefied 


The 


formed 


and be replaced by aqueous traction 


sequelae incident to loss of vitre 


ous are not necessarily dependent upon the 
growth of fibrous tissue 
2. Vitreous can be removed from the ante 


rior chamber most effectively by creating a 
fistula 


vitreous through a posterior sel 


rotomy wound 
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3. Soluble proteins and hyaluromic a 


have been identified by electrophorett pat 
terns 

+. A fraction of the hyaluronic acid has 
been shown to be resistant to the enzym 


hyaluronidase 
5. The 


vitreous has been indirectly demonstrated 


presence of hyaluronidase in the 


6. A study of the size and configuration of 
the hyaluronic-acid molecule, by streaming 
birefringence and light-scattering techniques 
has been made and the results may explain 
certain water-binding properties of the vit 
reous, accounting for its turgidity, lique 
faction, and contraction 

7. Who knows but that study of the vit 
reous, this cellular product once considered 
so inert, may give us a key to influencing 


intercellular substance, so important in main 


taining the proper hydration, transparency 


and cohe ss of tissues 
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NCI 
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He SMITH METHOD 


IC TURE ) 


M.D 
partment iphthalmology, 


Medical School 


All 


in 


of the traumatic or spontaneous subluxated 
| idult 


ost tre juently inn tive 


in the rature 


covered 
niention 


in most textbool of ophthalmic 


method 


1950" inl 


Kirby 
them m 


Verhoett 


these 


everal of 
\ygnew 


olving the problen 
riginal and ingeniou 
eribed. In the however 
nite 
the 


or eri ophake 


tour roup 


aspiny at with 


(Duvers ind 


danger of 


hazard 


ind by pushing it further 


com 


the 


oft the rlete 


len ition ot the en 
inte the vitreou 
? or harpoon into 


this 


needle 
\ 


needle 


Insertion of a 


the lens to it out iriation of 


to coagulate 
protein and thu 
method 
\rruga 
3. The use of 


vectis 


the ot ithert 


the fix the lens to the 


j 
en 


it recommended pat 


ind Gsardilen 
i| il loop 


method 


the nell 
hi 


most familar and popular 


\rr 


ot coop the len out 
the 
cle 


ind 


tppeal 

Iti 

Stallard 


located len 


one uga,® Spaeth, 
iny other 


dis 


po term. 


of a support under the 


to hold it ayainst the 


suri the cornea while external pres 


ent 
tor 


tru ire 


both 


tor upport 


broad keratome 


the . i 
orneal ane 


Ihe 


vised 


the « for the 


upport 


enthusi 


len loop of 


le \nother 
vhich th paper 


ned 1s tl use of the St 


isthe trument 


method with ind fil 


th 


urpri 


concet patula o1 


poon little 


ing 
ittent 


on 


Chicago, Ulmors 
W) vear { } te rh | ul 
though f thi prob 
[am to be invited to take part in jem surges 
of the Francis | al 
oratories, University of Cah ost 
\ 
20) or ore years has} 
with great skill to 
the direction of these ti 
xtremel ible hands 
I 
u place | 
la ll of the 
have made this h it = 
well. We shall look its 
lense sure 181 le be Various im 
ap 
= 
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DERRICK VAIL 


Fig. 1 (Vail). The Smith spatula 


1), «ke vised by Lt 
Smith? 1.M.S 


him during his 


This instrument (hg 
Col Henry 
(1859-1948) 
many active years (1890-1921) in India, has 
Per 
haps one reason why it and its use have not 
been better known is that Smith apparently 
Visitors 


to his hospital in Amritsar as early as 1909 


( Jullunder ) 
and used by 


since been known as the Smith spoon 


never described it in the literature 
observed the master in action and on thei 


return to their own lands continued to use 
the Smith method of 


was either dislocated prior to surgery 


a lens that 
that 


spontaneously, or congen! 


removing 


is, the traumatic, 
tally dislocated lens, or one that became dis 
located in the early stages of a cataract ex 


traction, Among these early visitors was my 


father, Derrick T. Vail, Sr., who passed on 
to me this rather simple, beautiful, and 
highly successful method of solving this 
problem I have used this method for 30 


years with complete confidence and satis 


faction and welcome this opportunity to 
bring it to your attention in memory of one 
of the world’s great ophthalmic surgeons 


Another 


familar to 


this method is un 
is the fact that it 


reason why 


many of you 
is not mentioned, or if so only briefly, in the 
mayor textbooks of ophthalmic surgery, with 
the exception of Kirby, who gives it in good 
detail 

Before proceeding with the motion picture, 
and for the sake ot comple teness two special 
types of completely dislocated lenses should 
(1) the lens 


be briefly mentioned. These are 


or spoon (two-thirds reduced) 


that is dislocated into the anterior chan bet 


and (2) the lens that is completely within 


the vitreous. In the former event the pup 
is contracted with a strong miotic and the 
lens most often is successfully removed, with 
out too much difficulty, by various methods 
In the latter event the instruments of chonce 
that are employed are either the loop dia 


thermy needle, or harpoon Legrand’ and 


many others try to convert posterior dj 


locations into anterior ones by placing the 
patient on his abdomen and hope that the 


it is he ld 


with 


lens will come forward, where 


either by contraction of the 


pupal or 
bident, bistoury, harpoon, diathermy needle, 


is then turned 


or plain needle The patient 


over and the lens removed. Some surgeons 
even operate on the patient face down 
Special mention should be made of Vet 


hoeff’s?* charming description of the removal 


of the loose lens from a fluid vitreous by 
playing a stream of saline into the vitreous 
causing the lens to Hloat up mto the anteriwr 
chamber. He characteristically calls it “A 


simple and safe method Perhaps the most 
that of W. S. Rees 
bold 


lens on the 


radical technique ts 


who makes a “wide sweep with the 


loop so as to engage the first at 


tempt Finally a variation in the conjun 


tival flap m cases oft dislocated lense cle 


scribed by Irvine 


The end results of extraction of dislocated 


lenses are scantily reported Ihe largest 


series are those by Kozlowski who reports 


28 cases with no complications and a group 


SURGERY OF 


recorded by M: 


ot 114 dislocated lenses 
I?” Of this group 74 were 
Many 


Donald and 


traumatic or secondary dislocations 
of these were severe niured or diseased 
eves so that no true evaluation of the surgi 

cal techniques used can be made 

The indications tor cal removal ot 

these ire 1) cataractou chanyt 
2 ind caused b 
disintegrating len iterial, Most surgeons 
heleve that other en hould not 
be removed » long as the ion, either 
through the  periphe of the lens of 
through the aphakie portion of the pupil 
re ain tor a i\ the prob 
lem 1 ‘ embat 

The showing ot the motion picture here 
follow It con t of a ce ! plion ol the 
Smith method, and it wcesstul use m four 

ises of subluxated lense 

I he method ‘ plove | i follows 

he eve is anesthetized in the usual man 


ner, It is important to use hyaluronidase im 


the retrobulbar une, for a 


pre 


injection Of | 


oft eve is obviously of reat advantage 


cataract 


usual sutures are preplaced and the 
ection performed in the cireum 


depres ed posi 


area, Oppo te to the 


erence 
lens. A complete iridectomy 1s 


tion of the 
then mack ence (usually) 
ot vitreou anterior 


chan - in ordet to prevent the 
updrawn o1 shaped | | 
order tor nsertion oft the poon 


ubsequent 


| pupil and al in 


til 


SUBLUXATED LENS 


/ 
| > (Vail) tw the thon 
the Smut poon and e cdirectiot {i the counter 
pre ire 
ed by ext rnal pressure below 


lens 1S expre 
employing the usual expressing im trument 
(fig, 2). Uh lides out 

of the 


lens 


( hook ol 
along the smooth anterior surtace 
poon as if it were a runway launching a 


ship It is important to empha ize that the 


remains im position until after the 


poon 
lens is delivered. It is not withdrawn with 
the lens as if it were a loop. In using the 
poon im this fashion, pressure 1s never €x 

the vitreous but only against the 


on 
be 


lost, 


rigidly held poon Vitreous lo 


nil or at most very little. If vitreous 1 


mall cut can be race with fine scissors 


Phe spoon then gent nserted into the a 
vitreous. taking great care to place it well imto the iris sphincter Opposite the meision, 
down and behind the len hich is then a trick learned many years ago from my 
brought forward against the posterior sur father. This assures that an updrawn pupil 
face oft the ormea ind iT 1 he spoon 1 will not occur 
firmly held in this position until after the 700 North Michigan Avenue (11) 
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SOME CONTRIBUTIONS TO THE PROBLEMS OF TRACHOMA 


GIAMBATTISTA Brerrr, M.D 
Professor of phthalmology, University of Parma 


Parma, Italy 


Some 25 years ago, when I first became At that early time, 25 years ago, | devoted 
interested in trachoma and more particularly myself with youthful enthusiasm to the iso 
in the significance of Noguchi’s Bacterium lation of the just described Bacterium granu 
granulosis, one of the names very soon to losis, succeeded in recovering it' from two 
become familiar to me ilong with Thygeson of 14 cases of trachoma, and atten pted 
amd Finnoff, was Francis I. Proctor. I cet to prove its pathogenicity for the monkey 
tainly did not think at that time that | and—unsuccessfully !—for myself. Later th 
should one day have the privilege of taking course of my medical career carried me 
part ina program in his honor. It is a ver repeatedly, for more or less prolonged peri 


great pleasure to do so, and | could think — ods, to areas highly affected with the disease 


of no more appropriate subject to choose for It has followed from this, and from my 
discussion than the one which made his name great interest in the subject, that a great part 
known to me and to which he applied his of my personal activity, together with that 
talents so vigorously of my pupils and collaborators, has been de 
* voted to its various aspect The results of 

The problems of trachoma have been a many of our observations have been reported 


continuing interest to me over the years. but many others are as yet unpublished, | 


PROBLEMS 


should like to take this opportunity to report 
briefly those of our contributions which | 
consider interesting and which are for the 
most part either litthe known or not known 
at all, either because of the war or because 
the work was done only recently 
SICABILITY OF TRACHOMA 

oht te omewhat out of line 
today to re ird the in ot tra 
choma as an open question, but actually in 
ome quarters it 1 till in doubt or believed 
to be minimal, On this point | have definite 


evidence trachoma contracted by 


to add to that already col 


lected 

In 1933-34 | witnessed the appearance 
of trachoma im two as tant ied 31 and 
38 years, respectively, at the University I-ye 


Clinic in Naplk The eves of these worker 
were accidentally contaminated by follicular 
material during expression operations. After 
eight or 10 days an abacterial conjunctivitis 


ind 
passed rapidly 


with conjunctival hypertroph regional 


leveloped an 


adenopathy 


from the affected eye to the other eye. Epi 

thehal imeiusions typical of trachoma were 
demonstrable. The intense treatment given 
both CASES led to cure ‘ the ichoma 


spite of the formation of scars and incipient 
pannus 

Later | saw three cases of trachoma in one 
man and two girls who were contaminated 
nad spensary tor tra he i to which they 


had pre sented themselves for removal of cor 


neal foreign bod In these cases also the 
trachoma made its ippearance with acute 
phe nomena and without the concomitance of 
pathogenic bacteria 

by prite these observation however, tra 


choma certainly doe not ce elop automat! 
cally when infectious iterial reaches the 
eve, and we must recognize that several “co 
factors” may contribute to the establishment 
and development of the disease.” We hav 


div ded these into the follow) group 


stitution, previous o1 


wlual factor ive ex. fi con 


TRACHOMA 1113 
organic condition, nutrition, state of im 
munity, and pre-existing condition of the 
eves ) 

2. kcologic factors (climatic and meteoro 
ogic conditions, hygienic habits, customs and 
rel gious pl actices, social conditions protes 
sions followed, incidence of animate and in 
innate vectors ) 

the of the causal ivent 

Some of these factors have received our 
special attention and | should like chietly 
to record what we have been able to observe 
in relation to ag v, race, pre-existing 
cular condition, and nutrition 
INFLUENCE OF AGI 

With regard to age, it is undeniable that 


in areas with a rather low prevalence of tra 
choma (Sardinia, for ex unple ), the disease 
usually spares children under three yeas 


incl attach 


ot ave thereatter up to lO or 12 

vears of age \ccording to our statisti 

obtained from schools in the province ot 
issari, among 11 176 mak id fe 
tles ranvinyg in aye tron eiht to 12 years 


trachoma 


was encountered in 6.99 percent 
ind x +4 percent, rm pectively ; in children 
between six and eight years of age (5,117 


males and 4,607 females), it was encountered 


mn 9.02 percent ind SO percent re pectively 


In countri with a high pre valence ot 
trachoma, such as some areas of the Arab 
countries and East Africa, | found that at 


all childre 1 had 


In all our seri 


the age of one year almost 


already contracted trachoma 


the incidence of trachoma im children cight 
to 12 years of ave was very close to it 
incidence in the adult population, a clear 


indication that contagion is exceptional out 


ide of childhood 


Duk INFLUENCE OF SI 

The results of our examinations in Sar 
dinia suyye ted that there i lightly more 
marked tencden lor tit to contract 


trachoma than male ind that this tenden 


omewhat more 1 irked 7 puberty is ap 


| 
proaches 
proach 


GIAMRPATTISTA BIETTI 
THE INFLUENCE OF RACI ample, belonged to families whose daily in 
The relation of trachoma to race has re take of calories was half (about 1,/00) the 
cently been brilliantly documented, not only normal requirement and whose quota of ami 
by statistics but by the experiments of out mal proteins consumed was very low 2.10 
good friend and collaborator, Guerra, who &! daily), and the quota of fats as well, 
observed that trachoma arose more readily especially those of animal origin (0.55 gi 
among members of the Semitic race than daily ) 
among members of the Nilotic-Camutic race Comparable data could be collected for 
many other trachomatous groups, from the 


(on the basis of personal experience, and 
while not admittting the existence of a racial 


immunity, | believe that race represents a 
predisposing or inhibiting factor im trachoma 
and that pure Negroes are less susceptible to 
it than the members of other races. 

(ur observations” indicate, however, that 
resistance to trachoma cannot be explained 
strictly considered 


only by pigmentation 


since its prevalence varies widely among 
groups equally highly pigmented ; the Bantus 
(Murray) and the Australian aborigines (1 
Mann), for example, are heavily pigmented 
but trachomatous 

It seems clear that the differences in sus 
ceptibility according to race must be refer 
able to elements deeper in the racial back 


grounds 


rRITION 


With I should like 
first of all to point out that, if the results 


INFLUENCE OF NI 


regard to nutrition, 
of my investigations in Sardinia, the Middle 
Kast, East Africa 

the well-established 


and Indonesia confirmed 


fact that trachoma has 
a predilection for the ill-nourished segments 
of the they 


chuck 


population also served to ex 


vitamin deficiency from the roster ot 
(One cannot speak ota 


deh 


significant factors 


universal association with vitamim-A 


ciency, for example, when the trachomatous 


Sardinians™ are well supphed with vitamin 
\ and the trachomatous Indonesians are not ; 
nor, by the same token, of universal associa 
tion with B-complex and C deficiencies 

We thought at first that caloric and proter 
constitute a common ele 


deficiency might 


ment in infected groups. The majority of the 


trachomatous Sardinian population,”' for ex 


Mediterranean Sea to the Far last 


cently, however, we have been informed by 


Miss Ida Mann of an exception to these tind 


ings; in effect, the Western Austrahan 
aborigines, heavily affected with trachoma, 
are almost exclusively strong meat eaters 
even if some tribes abstain fron t protein 
diet for some months as a sign of mourning 


This would seem to indicate that, 1f nutrition 
is in fact involved in trachoma, dietary im 


likely 


the insufficiency of any one 


balance 1s more to be concerned than 


tactor 
There is no proof, however that even an 
unbalanced diet is important in the gene 


It is true that improvement in 


of trachoma 
the health of the 


a result of the 


conjunctiva has often been 


transfer of trachoma 


secn as 

tous children from their families to educa 
tional institutions, but there 1s no way to 
measure the effect of the dietary change since 
other influences, such as better hygiene, are 


also in operation 


It might even be supposed, on the basis 
of our knowledge of the behavior of viruses 
that an impoverishment of the organism can 
hinder the establishment of the disease by 
depriving the cells of their enzymatic patr 
virus needs for its multiph 


attested 


which the 
cation, That this may be 
by Wilson's 
universally 
that 


have the disease. It should 


mony 
the case 1s 
the 


finding im his survey ¢« 


almost trachomatous | 


population cachechtic [egyptian 


dren did not 
not be forgotten, however, that 
to Kirisawa and other of our Japanese col 


leagues, the virus of trachoma possesses an 


enzymatic system of its own, however rudi 


mentary. 
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without dependence on a previous bacterial 
infection, On the other hand, we also know 
countries in that ba ial conjunctivitis aggravates the 


a, facilitates 


Weeks in \ ving the virus, caus 


infection ) pre as been demonstrated further 
preparing that the xin Koch-Weeks bacillus has a 
experience in real provocative power ind can engender 
een trachoma the return of inclusions ases apparently 
if ha con iltovether healed 
equence, but 
exceptional TIOLOG rRACHOMA 
aspect f the etiologic problem 
with \ » recerved our attention, Aside from 


] 


vinces the previously mentioned investigations on 


(ues Bactertum granulosis, which enabled us to 

S84 trachomatou how easily even slight conjunctival in 

vctween four and uries can provoke follicular reactions in the 

iat only 567 of ! I (rhesus), and to see that a peciln 

phenomena pre manifestation Iso be found 

the diagno rachoma, and thi the conjunctiva of the rabbit and guinea 


been concerned chiet! with the 


ve 
thelial inclusion ot Halberstaedter and 
Vrowazek, bu all and contrary to 
others \ ‘ erted, we found, fron 
metivitis camimation of Caemsa-stamed conpune 
tival scrapings from the healthy members ot 
epidemics 100) trachomatou families, no evidence 
ud Arabia vyest that there are healthy carriers 
\fricad., we 1 that trachoma fre lusions; that is, of trachoma viru 
quently appeared withou iV previous bi opinion the presence of inclusions indicate 
n, and that ite conjunetivitt the onset of trachoma, the clinical signs of 
vhich will shortly appear 
vere ble to confirm the reported 
lusions to form 
roup 
rved 
in the prefolly 
icrocolonie ot melusion 


on for the epithel 


of 
ther 


certain 


THE INFLUENCE OF PRE-EXIS1 
In general, and in the Arab 
conjunctivitis (especially a Koh to 
fection, or, in Egypt, a gonoc 
has been regarded as capab 
the wav tor trachoma. Our 
Italy where ve have iso 
ifter meast conypunet 
firmed the possibility of such 
ve have ilwa considered 
rather than usual 
his pression has been be 
respect to the trachomatous [talian 
of the | 
thonin 
childre 
ther 
ceding 
ot the mode of onset of trachoma prediiect th areas overiving 
In view of the extreme frequency and the follich as remarked earher by Mitsu 
early attack of both tracho i and seasonal We also looked for inclusions on the nasal 
conjpunetivit im certain countries (North mucosa of those trachomatou ubjects di 
tor exa ple ditticult to prove playing the n the conpunecet i. In contrast 
7 t i link en t between the two in to the ob eT itions of \bu laudeh Wwe failed 
neiplence We car onl iv that i to tind thes n ll case in which the tate 
Gag umber of cases of trachoma develop — of the lacrimal ducts and of the conjunctiva 
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in addition to the presence of nasal hyper 
trophy, suggested strongly the possibility of 


i 


nasal involvement 

A search for inclusions in scrapings from 
(epithelium of the 
Arab fe 


with 


the genital apparatus 


ostium uterium) of trachomatous 


males was also made but it was only 


Voleff's 


to question, that reddish granulations, 


stain, whose specificity is still open 
sug 
gesting the elementary corpuscles, were at 
times to be seen: when stained with Giemsa 


This 


problem calls for further and more decisive 


the smears were completely negative 


experine ntal work 
Rather extensive investigations have been 


made of the behavior of inclusions under 
the effect of modern antibacterial therapy 
These preceded by some years the observa 
tions of our Japane se colleagues on the same 


point Wi able 


clusions undergo regressive and degenerative 


were to record that the in 
changes, becoming homogeneous and frag 
mented, and losing their staining characteris 
of penicil 
chlo 


aureomycmn" 


tics, in response to high doses 


lin,’ and to standard doses of 


ramphenicol,*’ terramycin,* 


(and synthetic tetracyclin), erythromycin,* 


magnamycin,*® and the sulfonamides ;" 


and that these changes in the inclusions are 


a prelude to their disappearance 
Such alterations were not observed, how 


ever, as a reaction to streptomycin, tvro 


thricin, furacin, neomycin, and viomyei,"' 


although these substance all sterilize the 


conjunctival flora. Also devoid of action on 


the inclusions were some antituberculous 
drugs (paraminosalicylic acid, isomiazid ) and 


paraminobenzoic acid.** 


From these observations it would seem 


that certain conclusions as to the nature of 
the agent of trachoma might be drawn.*" Its 
susceptibility to the sulfonamides and to cet 
tain of the antibiotics, but not to paramino 
benzoic acid, distinguishes it from the rick 
ettsiae and typical viruses, and at the same 
time indicates a relationship to the lympho 
certain 


This 


granuloma-psittacosis and 


with the 


group 


points of contact bacteria 
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susceptibility also substantiates the propos! 
trachoma possesses 


system all 


tion that the agent of 


an enzymat eit rudimentary 


which is attacked by the antibacterial sub 


stances 
The 


prove the 


observed degenerative phe nomena 


vital nature of the inclusions and 


permit one to reject the interpretations ot! 


them as products of cell reaction, as the 


remains of degenerated Golgis apparatus, 


or as tragments of nuclei. On the other hand, 


from the fact that certain antibiotics sterilize 


the conjunctiva without modifying t 


clusions, it may be deduced that the agent 1s 


not bacterial in nature as some have sup 


posed in the past 
I he disappearance of inclusions as a re 
sult of therapy ind thei 


antibioti reap 


pearance when treatment ts interrupted too 
sistent in 


fectivity of tissues from which all inclusions 


soon,” together with the pet 


have disappeared, suggest the pos ibility ot 


the existence of viral forms invisible under 


the common MuCcroscope and more resistant 


than the visible forms which degenerate and 


disappe ar 


From these invisible forms the classical 
trachoma bodies would” reform when 
therapy was discontinued. This interesting 


possibility could also account for the absence 
of inclusions in experimental trachoma ot 


inferior monkeys and their reappearance on 


passage to the human 
It would be interesting to carry out elec 


tron microscopic researches in conjunctivas 


with inclusions and m conjunctivas from 


which inclusions have just disappeared as a 


result of treatment. Such a study was in 


fact undertaken,”' but although we have ob 


served minute forms corresponding in size to 


bodies ind other smaller 


feel 


the elementary 


bodies as well, we that we cannot yet 


draw any definite conclusions 


CULTIVATION OF THE VIRUS Ol TRACHOMA 


Cultivation of the agent has been another 


object of recent investigations. Early efforts 


to cultivate it in the intestine of lice were 
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RESULTS IN TWO SERI OF EXPERIMENTS ON THE CULTIVATION OF THE VIRUS OF TRACHOMA 
SERIES Neg 1:4 1:8 1:16 1:32 1:64 1:128 1: 256 
15 it ird pa ipe 
c fluid 6 2 1 
\llantoic fluid 4 5 4 1 
SECOND SERIES 
4 « per group at Ist passage 
illantoic fluid 
Group 1 
lrachomatous mate | 6 12 ” 1? | 
(sroup 2 
Saline solution 19 5 15 6 2 
Group 4 
Normal conjunct i | 14 11 5 
Group 4 
Filtered trachomaté l 13 
material 
unsuccessful. We became convinced, more duced the same picture. As we had no oppor 
over, that the follicular formation obtained tunity to prove the actual growth of the 
by injecting trachomatous material into the virus by human moculation experiments, we 
vitreous of the rabbit were wholly nonspe performed Hirst’s agglutination test on 
cific; it was impossible to produce them hicken erythrocytes with amniotic and al 
with even coarsely filtered material, and pos lantoic fluids from the infected egg Ihe 
ible to produce them with nontt ichomatous results of this first series and of a subse 
unfiltered material quent series are given in Table 1 


Recently we attempted ultivation of tra 
choma virus in the yolk w of fertilized 
chicken’'s eyy according to the technique 
ot Macchiavello Thi itter pt Wa rac in 
spit of the fact that the « ’, ell does net 
repre ent e1 brvolog. ally i uita medium 
for the growth of an epithehotropie viru 

In a first series of researches, four chil 
dren suffering from florid t homa with 
ibundant inclusion ve tilized. After 
terilization of the conjunctiva c by mean 
ot lew il trepto m te three da (which 
did not modify the melusior the conjun 
tival epithe ul Va ray the iterial 
thus obtained inoculated into the yolk sac 
of tour groups of five tert zed eggs each 
that had been incubated for fror ix to 12 
davs 

\fter a eek m the meubator, 60 percent 
of the inoculated embrvos were still alive 
Microscopically free granulation taining 
reddish-purple with Gn 1 and resembling 
the elementary bodies could be seen and 
were at times grouped together in tree 
masses in the yolk. Successive passages pro 


In the second series, the following inocula 
tions were made 


1. The product of conjunctival scrapings 


from 25 patient atfected with active tra 
choma, treated with streptomycin still 
howing numerous inclusions, was imocu 
lated into the volk ws at 120 eve 

2. Sterile saline solution was inoculated 
into a second group of 120 egg 


3. The product of scraping 25 normal con 


junctivas was inoculated into a third group 


of 120 egy 


} The ime material obtained from the 25 
trachomatous patients of the first group ot 
thi erties. this time filtered through a Seitz 
IK. filter, was inoculated into a fourth group 


120) eggs 


\fter 


incubation 


carried out on the 


four or five oft 


allanton 


uid of trom each of the tour 

The results of these two series of experi 
ments are given in Table 1, the figures indi 
cating the number of eggs in which ay 
glutination was still positive at the maxi 
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Table 1 


significance in spite 


mum dilution shown. The results in 


would seem to have some 
of the low titers at which the agglutinations 
were obtained 

Phe agglutinations only at low titers could, 
in fact, be explained as a re sult of a scant 
growth of the virus, or as a result of the low 
capacity of the virus for 
blood cells 


with virus obtained directly 


ayglutinating 
chicken red \ssays performed 
from triturated 


conjunctival scrapings of a large number of 


trachomatous subject how in effect that 
its power of agglutination is not high 
Further investigations of this type, im 


which the embryonal fluids of infected eggs 


were used as antigens for the complement 
were performed on the blood 
subjects | shall 


refer to the results of these experiments fur 


fixation test, 
sera of trachomatous 
ther on. 

1 should like 


conducted experiments on the 


finally to recall that I also 
transmission 
of trachoma after filtration of trachomatous 
material. The dithculty of obtaining positive 
results was again confirmed. In these experi 
ments the conjunctival scrapings were taken 
from 150 trachomatous subjects with florid 
forms of the disease had 


treated. In inclusions 


that never been 


most cases were ce 
monstrable 

After trituration in a mortar and suspen 
sion im a little saline solution, filtration was 
Seitz filter. The 
filtrate was centrifuged for half an hour at 
6.000 


effected through a 


r.p.m., and the lower portion of the 
test-tube fluid was instilled repeatedly into 
the right conjunctival sac of two volunteers, 
one 36 and the other (the writer) 44 years of 
awe. After imstillation the 


cach conjunctiva 


was rubbed gently. The results were nega 


tive 


SFROLOGIE TRACHOMA VIRUS 


\s other work 
studied the be 


REACTION ro 


The Weil-Felia 
ers have done before us, we 
Wel belix 


trachomatous 


reaction 


havior of the reaction” in the 
blo« ul 


used 45 trachoma patients and one strain of 


sera of subjects 
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Proteus OX 19 and six © and H strains 
(Kinsbury, Amsterdam, and Varsavia). We 


then performed the same test on 39 sheep 


and six cattle affected with epizooti kerato 
conjunctivitis. The results 


were negative 


the percentages ot agglutination at low titers 


being the same as those encountered in nor 
mal subjects 

Apparent from these investigations was 
the futility of seeking support in the Weil 
a relationship 


Rich 


Tl 


Felix reaction to demonstrate 


between the trachoma agent and the 


ettsiac. The negative results of the 


keratoconjuncetivit 


with 
added we to 


ments epizooti 
| 


moreover, certain clinica 


and morphologic evidence that there is not 


complete justification tor ascribing the so 
called oles’ 


rickettsia 


conjunctival rickettsiosis” to a 


The intradermal reactions ot 795 trachoma 


tous and 50 unaffected individuals to ae 
tonic and aqueous extracts of Proteus X19 
and of Proteus vulgaris* were also negative, 
or aspecil 


Complement fixation tests with “Rickettsia 


hurneti”’ on the blood Sera oft 24 subjects 
with stage Il or stage IIT trachoma were also 
negative 

The Paul Bunnell reaction, a serologic 
test for infectious mononucleosis in which 


sheep erythrocytes are agglutinated by the 


blood serum, was applied - to 200 trachoma 


tous subjects in one or another of all four 


stages of the disease, and in 50 controls 


Majoros reported positive reactions tra 

choma cases, but in our series no appreciable 

encountered between nor 


differences were 


mal and trachomatous subjects. Only three 


of the sera from the 200 affected individuals 
yielded slightly positive agglutinations at a 


128. A 


dilution could be 


chlution of l positive result m1 this 


considered significant if it 


were a frequent instead of a rare occurrence 


(Crossed antigenic reactions between tra 


choma and the lymphogranuloma. psittacosis 


group, as suggested by the studies of Rake, 


Shatter, and Phyye son, were investigated 


in two series of follows: 


experiments, as 
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Series |. In the frst ri complement 


blood sera of trachoma 


fixation tests on the 


subjects and skin test on the same 


tous 


patients were pert rmed witl intigens ob 
tained fron enereum and 


from psittace s divided mto 


three which wa 


groups ich of 
umined according to a different procedure 
affected 
ime 1\ 


years, were sub 


In the 2) ibrect 


with trachon and 


Veranum anti 


roduced 


the conjunet l <ac of one eve of each sub 


con tently nevative 


sults were 


econd group, 1S t itous sub 


n the rye tages ol the dise: were 


subjected to con ple nent tixation test with 


psittacosis antigen. In these subjects the 
dilution 


they 


reactions were positive twice at a 


of 1:8, and once at a dilution of 1:16 


rative in all the other subjects, even 


In the third group, 43 individuals affected 


with the various stages of trachoma, and 30 


normal subjects were subrected to comple 


fixation tests with “Lygranum” an 


In this 


ment 


tigen 


group also the results mav be 


regarded as negative ince only two tra 


re ponded positively 
both 


subyects 
and 1:10; 


trachoma, in 


chomatous 
dilutions of 1 were Ci 
ot active ind 
respectively 

second seri 


Serres 2. The 


tions,** which ts still unde 


signed to overcome the sibility that the 
serum of pa 


strictly 


production of antibodies | he 


tients with trachoma. which 1 a 


might be insutficient to 
that 


from the 


localized ise 


informative result It med 


re Its might bn 


yield 
better ichie 
trachomatous itigen on the 


affected 


reaction 
with 
a venere 


virtue of their more extensive 


natures, the production of bodies should 


oreatet 


bee h 


The product of trachomatous 


} scraping 


at titer 1:32 (1 ‘ lt) 
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conjunctivas that been formalized 


yround, hon ultra 


oven 


sound, and = centri 


intigen. The resul 


negative 


lor psittacos! to the tra 


chomatous antigen 


b. Nine sera of trachomat 


acted positively to the trachomatou 


(three 
(two ¢ + (two 


subjects with lympho 


c. how 


granuloma wvener 


Were 
16, 2:32, 


re acted po itively 


ui, po itive 


with psittaco intigen 


the trachomatous antigen at 1 


128, respectively 


ind 


d. Seventeen sera of subjects more le 


itive tor p ittacosis (ornithosis) re acted 


trachomatous antigen at the 


1/64): 1/3 (p 


lO): 


positivel to the 


following titer 


1/8 


(ps 1 (ps 


128 ) 16) neg 


l 
l 


32): 16): 
(p ] 16): 5. 
Phese studs that an 


tionship between the agent 


hep 
I) 


how intivenic rela 


ot trac homa and 


of lymphogranuloma venereum-psittacos! 


(the other so-called chalmydozoaceae ) exist 


beha ol the 


pecially af 


aa nelicated by the com 


plement fixation test, ¢ a tra 


matous antigen and sera from patients 


lymphogranul ma ofr p ittac ire 


In effect these era almost mvariably 


vive reaction with the trachoma 


a po itive 


tous antigen, even if at a lower titer than 


with the antigen from lymphogr muloma or 


psittacosis 


Prom the ‘ 


derate produc tion 


It would appear, 1 ver, 


that in 


test 


ot antibod occur’: 


was used as an 
follows 
Four sera of normal subjects, 
all dating back at least some 
jected toa Frei test with “Ls cases), 1:8 
ven intiven wa ilse causes) 
lithe 
| 
ver 
8 (ps. |/ 
ee 64); neg. (ps. 1/32); 1/4 (ps. 1/32); 
cs 8 (ps. 1/8); 1/8 (ps. 1/64); 1/16 (ps 
at 
|; 
— aa 
in 
EE At this time [ should also like to refet 
Ds briefly to some investigations, already men 
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tioned in connection with the cultivation of 


the virus, that are still in their imtial phase 
Complement fixation tests with the em 
bryonal fluids of eggs infect d with tra 


choma™ have so far been carried out as 


follows : 
The conjunctival material scraped from 
500 ay 


six trachomatous subjects, with v 


of streptomycin per ce. of emulsion in phys! 
ologic saline solution added to it, was im 
into the 


ferti 


oculated into the chortoallantois, of 


amniotic or allantoic cavity, of eight 


lized eggs that had been incubated for nine to 


11 days. After an additional five to seven 
days of incubation, the fluid from these 
eggs was used as antigen in complement 


fixation tests performed on the blood sera 
of two individuals with florid trachoma stage 
I] and one normal subject. In control tests 
the fluid of two eggs inoculated with saline 
only was used as antigen 

Che results would seem to show that the 
fluid of eggs infected with trachoma possess 
some antigenic power. The normal serum re 
acted negatively to the fluids from both in 
fected and noninfected eggs, but in the two 
trachomatous subjects the reaction was posi 
tive to the fluid from the infected eggs, at 
dilutions between 1:4 and 1:16, but negative 
to the fluid of the control eggs. There were 
between the be 


fluids 


positive 


no important differences 
havior of the amniotic and allantok 

Although the above tests were 
only at low titers, they may possibly have 
some significance, in view of the negativity 
of the controls, as indicators both of growth 
of the virus in the eggs and of the appear 
ance of antibodies in the sera of trachoma 
We do not feel that 


conclusions are warranted as yet, however, 


tous subjects such 
and are extending these researches to fluids 


from eggs infected by successive passages 


SOME CLINICAL ASPECTS OF TRACHOMA 


Tyres or onset’ 


Our clinical experience over many years 


indicates that trachoma may begin in any 
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one of three different ways. It may have (1) 


an insidious onset; (2) an acute abacterial 


onset ; or (3) an apparently acute onset that 


is actually due to a concomitant bacterial 


conjunctivitis (usually a Koch-Weeks bacil 


lus infection) or viral conjunctivitis (for 


example, measles conjunctivitis). We must 


also “pseudoacute trachoma 


identally 


recognize a 


that is discovered ac during a 


bacterial conjunctivitis but that is actually 
chrome and pre-existent 
According to the statistical investigations 


dl by 


ltahan 


already referred to, that were conducts 
us on more than 6,300 children of the 
trachomatous provinces, trachoma in Italy 
usually has an insidious beginning. The in 
formation collected by me personally during 
visits to the Arab countries, East Africa, 
Pakistan, India, 


and Indonesia, indicate that an insidious on 


and 


districts of “iam, 


certain 


set is most frequent in these countries, too 


although other types of onset also occur 


Three groups of careful investigations con 
ducted in Jordan, Eritrea, and Saudi Arabia 
yielded the following results 

The studies carried out in Jordan ( Jeru 
salem) im the period between spring and 


autumn consisted of weekly clinical and 


microbiologic examinations of the conjun 
tivas of 250 Arab children not exceeding 
Among these, which 


four months of age. 


were all originally trachoma-free, 16 cases 
of acute conjunctivitis | 13 times from Koch 
Weeks bacillus infection) developed, fol 
lowed on three occasions by the appearance 
of a trachoma with follicles and epithelial 
inclusions; in five cases trachoma began 
insidiously in the course of about six months, 
with epithelial inclusions and the common 
saprophyti flora ; and in two cases trachoma 
absence of 


developed acutely in the any 


pathogenic bacteria but with demonstrabk 
inclusions 

[he investigation in Eritrea was con 
ducted in collaboration with Guerra at an 


for abandoned infants in Asmara 
children 


(sv percent Amharas and 20 percent half 


mistitute 


Faken under surveillance were 
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castes ) who were followed regularly by 


the sanitary service from a time 


supervisory 
shortly after birth up to a maximum of seven 


vears of age. Of these, 32 were trachoma 


tous, but in only five cases was the diagnosis 
of trachoma preceded by 
four of 


The 


(Hofuf) dealt primarily with an 


acute phenomena. 
acute disease 


the 14 


survey 


same was also observed in 
subjects 
\rabia 


initial nu 


nontrachomatous 


conducted Saudi 


cleus of 209 childre not pre school ive, all at 


fected with recently acquired trachoma ; only 


of tl e had previou ly displayed any 


signs of acute conjunctivitis. Still more ce 


the investigation of a second 
und 12 


trachoma 


monstrative was 


nucleus of 59 children between one 


months of age with beginning 


Only three of these ented, or had any 


pre 


history of, the type of conjunctival secretion 


characteristic of acute disease. In view of 


the very brief period that elapsed between 
birth 


the time of 


that the 


and oul 


examination, it 


seems unlikely mother would have 


overlooked or failed to recall any such acute 
signs of inflammation 


Phese 


findings in Japan where the onset 


Mitsui's 


appar 


results do not agree with 


acute abacterial with 


terms 


ently 
We 


precise 


oreat 


frequency 


been unable to establish m any 


the frequency with which the 


wure abacterial form occurs in the areas ot 
| 


our own experience but our impression ts 


that it would occupy the 
\s to 


whether 


last place 


the that may determine 


the 


factors 


onset of trachoma acute or 


chronic, if we omit the type intimately asso 


ciated with bacterial infection, there can be 


taken into consideration the properties of the 
virus, the receptivity of the subject for indi 


vidual or racial reasons, the amount of im 
fecting material 


which 


Among these 


perhaps also that form of 


Poleff calls “Premunition.” 


factors if that 


sect 


a leading role may be a » the amount 


of mfecting material con 


the 


contact 


with conjunctiva. This has been borne 


out by the results of Guerra’s investigations 


and by the fact that it is chiefly experimental 
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trachoma, or the self-inflicted or professional 
contaminations, that as a rule display acute 


initial phenomena 
CLINICAL SIMILARITIES 


WITHIN FAMILIES 


In the course of our studies we have been 
able 


when trachoma affects several members of a 


to confirm Cattaneo’s observation that 


family its clinical aspects tend to be typical 
for the entire family, that is, the type and 
the 


localization of conjunctival hypertrophy 


(predilection for the fornix and plica, tor 
example 


the 


the type of corneal complication, 
the disease, and so forth, are 
for all the 


This may be due to pecularitte s of the 


course ot 


usually the same affected mem 


bers 
family but 1s probably also due to special 
properties of the virus strain involved, We 


have, for example, witnessed the persistence 


of inclusions in spite of antibiotic treatment 


in certain family groups,’® and have found 


the therapeutic outcome in such groups to 


be less satisfactory than in others. Kony ha 


confirmed this observation 


(CLINICAL SIMILARITIES WITHIN GROGRAPITK 


GROUPS 
Similarities of clinical aspect in trachoma 
extensive 


geo 


di 


possibly also involve 


that 


hay More 


areas so there may actually be 


the 
This does not apply to the 


graphic differences in climeal 


appt arance of 


individual cases, however, since these may 


be absolutely identical in different areas. It 
refers only to certaim aspects ol the disease 
as a whole, for example, the at which it 


aye 
begins, the type of onset, the gravity of the 
conjunctival hype rtrophy and of the compli 
the association or not of bacterial or 
the the 


the tendency to heal spontaneously, 


cations, 


viral disease, type and duration of 


course 


the tendency to form scars, and the sensi 


tivity to chemotherapy Theoretically these 


differences could be ascribed to variations in 
to differ 
and to differ 
in the environmental condition 


the 


the properties of the virus strains 
ences in racial susceptibilities 
ences In my 


opinion environmental conditions play 


the most important role of all 

As has already been mentioned, trachoma 
contaminates virtually all children within the 
first vear of life in countries in which it has 
a high incidence, but is found only excep 
tionally in Italy, for example, in children 
under three years of age | have alre ady dis- 
cussed the relative prevalences of the acute 
and chronic manifestations in the various 
countries, 

In countries where the trachoma index is 
very high, the conjunctival hypertrophies are 
often more severe and the cicatrizations 
much more precocious, scars being almost 
about 12 


as the following data I personally collected 


always present at years of age, 


clearly show 
Province of Sassari ( Sardinia, Italy). In 
1954) 


1.6 percent; incidence 


cidence of trachoma (census in the 


elementary schools 
of conjunctival scarring: 4.5 percent in the 
lower, 13.5 percent in the upper classes 
Arab Palestina (mean figures of a survey 
1950-51) 


in several areas in Incidence of 


trachoma in the elementary schools: 78 pet 


cent; incidence of scarring: 34 percent in 
the lower, 88 percent in the upper classes 
Java (Indonesia 1953). Incidence of tra 
choma ina group of elementary schools of the 
Mauk district (West Java) : 84.5 percent; in 
cidence of scarring: 26 percent in the lower, 
73 percent in the upper classes. In Central 


(Semarang) and East (Soerabaya) Java, 


1 found the incidence of trachoma in two 
groups of elementary schools, 55 percent and 
67 percent, respectively ; the incidence of 
scarring was 14 percent and 18 percent in 
the lower, 44 percent and 57 percent respec 
tively in the upper classes 

Imerican Indians ( Navajo 


( (ore 


In as hool tor 
North Western) im 


gon), aged between 10 and 18 years, and 


and Chemawa 
where the incidence of trachoma was about 
10 percent, | found (1954) the imeidence 
of searring being the 26 percent; many of 
the students, however, had previously been 
treated. 

Severe bacterial contaminations arise espe- 
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cially in the Arab countries and in East 


Africa, are comparatively infrequent in 


western Europe and America, and appeat 


still less often m Ja man tacteria are large ly 
Jal 


re sponsible for exacerbations of trachoma 
and for the severe corneal complications 

These manifestations have a higher inci 
dence in some countries than in others, the 
so-called “Herbert's pits” being almost un 
known in Italy and in Indonesia but occur 
ring very frequently among the American 
Indians and in Egypt and the neighboring 
countries, although they seem to be on the 
decrease even there. 

That there is a tendency to spontaneous 
cure in trachoma is now an established fact 
It occurs in not inconsiderable percentages 
but with a noticeable difference between one 
country and another, This is equally true ot 
the extent of the sequelae. 

In the course of regular investigations of 
groups of Arab children 


Palestine to the 


numerous trans 


ferred from surrounding 


countries (Lebanon, Syria, Jordan, k-gypt), 


I was able to see that at the age at which 
cicatrization is virtually constant in these 
countries (that is, after the 10th year, but 
with the trachoma still in progress ), the per 
centage of spontaneous cures may reach 30 


percent. In certain nuclei of the same popula 
tion, however, this percentage may be much 
lower, only two to four percent, for example 
Interpretation of the phenomenon of 
spontaneous cure, though easier in conne: 
tion with the disease in childhood, is not al 
ways simple, and many factors— individual, 
environmental, or connected with the proper 
ties of the evidently come mto play 


| should merely like to remark that my own 


virus 


Impression 1s that the removal of trachoma 
tous subjects from their habitual surround 
reduction or 


ings facilitates cures, as if the 


absence of pot ntially re-intective contacts 
might be of some value 

As to response to modern treatment, on the 
basis of our observations | feel that the 1m 
portance of geographic differences in the 


therapeutic responses of trachoma has been 
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greatly overemphasized. In my opinion there 


are no areas of absolute resistance to sul 


fonamides and antibiotics but only areas of 


different sensitivity. We have even achieved 


very favorable results in areas regarded 


as highly resistant, for example, Gaza, 


gypt.* ‘4 
CORNEA 


LEMAVIOR OF THI 


In the clinical field, the cornea in trachoma 


has been subjected to extensive biomuicro 


respect to the 
their 


SCOpK mvestigation with 


lesions of the active disease and to 
sequelae 

We were able first of all to confirm the 
so-called ‘‘dis 


keratitis,” 


very great frequency of th 


ascular superficial 


Sc Tl inated «i 
with its subepithelial and fluorescein staiming 
in about 


epithe lial localizations It was found 


W) percent of 650 children with active tra 
virtually absent 
Im the 


were not able 


choma but from fully cica 


trized trachoma active disease, how 
to establish a direct 


this 


ever 
between the severity of 


umd the 


connection 


corneal manifestation extent of the 


conjunctival hypertrophy, It is not strictly 


tor trachoma, moreover, since it may 


spe 


also be found in spring catarrh, in acute 


catarrhal conjunctivitis, or in phlyctenular 
trequently than 


with different 


conjunctivitis, although |e 


in trachoma and generally 


clinical aspects | regard this type ot corneal 


involvement as fairly typical of trachoma, 


therefore, and believe it provoked by the 


penetration of the virus into the corneal 
epithelium, or more probably by a tracho 
matous toxin, Although inclusions have been 


detected in the corneal epithelial cells, they 
fact 


limbus 


are m extremely rare 


except at the 
upper 
confirm the observa 


(Our investigations 


tion that the disappearance of disseminated 


avascular keratitis (fluorescein 
test: Thy 


tion of the cure of conjunctival trachoma 


superficial 


yeson) is a reasonably sure indica 


Among the various other, lesser-known 


forms of trachomatous keratitis which we 


had occasion to witness, I should like 


have 


to record the groovelike ulcerative marginal 


keratitis, or trachomatous uleus rodens. 


which is characterized by violent pain, and 

the interstitial keratitis that is usually asso 

ciated with pannus 
In addition to the corneal se 


should like to 


well known changes Wwe have observed, for 


Common 


quelae,”* | recall some less 


example, a modification im corneal thickness 
as a result of pannus, usually in the form of 


very considerable thinning ; peripheral thin 


ning consequent to trachomatous  ulcus 
rodens; and the appearance of cicatricial 
lines, at times star-shaped and not to be con 


fused with obliterated vessels, which mav be 


seen within the area of a pannus crassus and 


which resemble the scars of the tarsal con 


junctiva 


Another little known finding is the cicatri 


cial thickening of Descemet’s membrane and 
its endothelium 
Pterygium in trachoma® deserve particu 


lar mention. According to our statistics. it 


found in six trachomatous 


was percent of 

adults and in only two percent of adults 
without trachoma. This corroborate the 
opinion of some authors but is in contrast 
to the data reported by others (Sedan, Nataf, 


Delanoe ) 

Pigmentation. Among the corneal] sequelae 
of trachoma we also recall the various types 
of pigmentation that have been observed. | 


do not refer here merely to 


of the limbal “pits,” 
but chiefly to a 


Pigmentation 
found in 
kind 


frequently 


which is to be 
the colored races, 


Stahli’s pigment line, observed 
during the cicatrical period, especially after 


his linn 


iS located crosswise in the lower third of the 


important corneal complications 


cornea, immediately below the epithelium 


can be rectilinear, undulant. or 


Anothe 


homatous 


and frag 


mented pigmentation in the tra 


cicatrical cornea is a superficial 


| leise he I 
that I have « ncountered 


ring——-analogous to. the ring in 


keratoconu several 


times in keratoconoid ectasias secondary to 


severe pannus 


| should like to mention also that regular 


biomicroscopic examinations have enabled us 
to verify the great frequency of a chalcosis 
of Descemet's membrane, already amply il 
lustrated by von Sallmann and consequent to 
the protracted use of copper sulfate. It may 
be so pronounced as to resemble the Kayser 
Fleischer ring of Wilson's hepatolenticulat 
degeneration. According to our findings, 
such annular formation depends partly upon 
individual disposition as we have seen tt 
arise even after short cupric treatments. 
To the already known corneal degenera 
tions consequent to trachoma, we have finally 
been able to add a form which is identical 


with Salzmann’s nodular degeneration.’ 

As demonstrated by my assistant Tavolara,"* 
and substantiated by subsequent investiga 
tions of Busacea who described it as a “cor 


neal keloid,” 


siderable frequency in cicatricial trachoma 


this sequela develops with con 


PROBLEMS OF CHEMOTHERAPY AND 


ANTIBIOTIC THERAPY 


This subject has stirred our interest ever 
since the first use of the sulfonamides, and 
| do not feel it necessary to dwell upon our 
and already familias 


older investigations 


which have been the subject of repeated com 
munications ©, 90, 28, | 
shall confine myself to stating that our expert 
ence with thousands of cases permits us to 
draw conclusions which, although they may 
not be fully shared by other observers, we 
ourselves consider to be decisive."' 

1. First of all, there 
116) which, im addition 


are undoubtedly some 
antibiotics (see p 


to the sulfonamides, are active against tra 
choma virus, and which lead in the majority 
of cases to alterations of the inclusion bodies 
and to their disappearance, along with the 
disappearance of the Schizomycetes 

2. Treatment with these substances ts ca 
pable of effecting the complete cure of tra 
choma in a high percentage of cases, pro 
vided it is administered rationally, that is, for 
long periods (many weeks or months) and 
frequently during the day in the case of local 


application. The necessity for such intensive 
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treatment is related to the often emphasized 
fact that the virus of trachoma, like others 
of the Chlamydozoaceae, is somewhat r 
sistant to antibacterial the rapy 

3 Although there are 


erature to the effect that one product is more 


statements in the lit 


efficacious in trachoma than another, a defi 


nite judgment on this point is nevertheless 
still impossible Regular experimentation 
with the different products, variously ad 


ministered to groups of many thousands of 
trachomatous subjects selected according to 
uniform criteria, would be advisable to cleat 
this point. It seems, however, that penicillin 


is the least active of the group. In this regard 


| should like to emphasize once more that 
among these antibiotics active against the 
virus of trachoma, we must not tail to 
include penicillin since it is active when 


used in sufficiently high concentrations 


This point, which we have long main 


41 


tained,'* and with respect to which I 


have often been at variance with many col 


leagues, has been contirmed by 
Lal 


Voleft 


developments from this finding 


rece ntly 


We shall see shortly Sore practical 


We have ascertained recently that erythro 
added to 
to be 


mycin® and magnamycin*’ may be 
the 


active against trachoma. | have used erythro 


list of antibiotics already known 


mycin orally and locally, magnamycin only 


locally. The changes in the inclusion effected 
by these two substances were not substan 
tially different from those witnessed with 


penicillin, chloramphenicol, and the tetracy 


clines 
For purposes of clinical evaluation, 24 
patients were treated with erythromycm 


topically with the one-percent oimtment sey 
eral times a day, or systemically, or both 
topically and systemically, and 19 patients 
were treated with magnamycin, topically with 


not preceptibly different from those achieved 


the one-percent ointment results were 


with the tetracyclines. Cures, as measured 


by the disappearance of the conjunctival 
hypertrophy, were obtamed in virtually all 


cases by prolonging treatment from a mini 
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mum of 20 days to a maximum of 70 days 


(average time two months). On the whole, 
however, erythromycin gave the impression 
of effecting a more prompt and complete cure 
than magnamycin 

4. Our experiments have shown that the 
most effective therapy is the combination ot 
sulfonamides, orally, with antibiotics active 
against both the virus and the Schizomycetes 
locally, 


veral weeks or months 


of the conjunctival flora 


for 
By such means the percentage of cures can 


be very high—S5O to 80 percent and over, 


even in countries with a very high trachoma 


index. Practical and economical considera 


tions perforce may limit this optimum treat 


ment schedule,’ and when they do the pet 
centage of successes will be correspond 
ingly reduced 

5. The individuals thus cured may re 


main so indefinitely over the years. In highly 


contaminated surroundings, however, recur 


renices of the proc SS are poss bole not only 


through relapses but through reinfection 


We have witnessed such reinfection particu 
larly in Jordan and Sardinia.“ 

The experiment in Jordan involved 892 
Arab children, 567 of whom it was possi 


ble to re-examine 16 months after the end of 
treatment, which had consisted of three 
courses of sulfonamide by oral route, and 
aureomycin One-percent ointment by local 


route for three months. Of the re-examined 


subjects, 370 had been cured originally, 81 


had approached cure, and 116, though for 


the most part improved, were still a long 
way from cure. Re-examination uncovered 
27 cases of unequivocal relapse among the 
cured subjects (7.29 percent), and 13 cases 


of doubtful relapse - of the &1 that had ap 


proa hed cure, 24 were found on reexXamina 
tion to have achieved cure shortly after treat 
discontinued; and eight of the 


116 


had also gone on to cure 


ment was 


group of with clearly active trachoma 


Substantially simi 


lar results were found in another group of 
102 


the same Way 


Arab children who had been treated in 
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ven more demonstrative was the re-ex 


amination of 43 trachomatous children who 


had been treated in Sardinia by means ot 
repeated cycles of sulfonamides and had 
been considered healed in 1942. On re-ex 
imuination 11 years after recovery, 34 were 
still cured, for the most part without any 
important scars, and nine, or 20.9 percent, 


presented an active trachoma as a result ot 
relapse or reimfection 

When it is realized that these 


subjects re 


ceived no. treatment their recovery, 


were not controlled in any way, and lived 


in widely infected surroundings, the results 
may be regarded as satisfactory and as con 
firming the usefulness of mass treatment as 


a means ot reducing 


eliminating or greatly 
the incidence of trachoma in highly infected 
areas, It is to be noted that the re lapse s were 
as a rule modest and that j* riodic check ups 
could be expected to reduce their ime idence 
and severity 


\s to the 


evolution of trachoma toward cure upon the 


influence of the spontaneou 


interpretation of the therapeutic results, even 


on the basis of statistical evaluation this 
proved to be negligible during the period of 
100 untreated control children 


13.4 


cicatrized 


treatment. In 
six to 10 years), only 


with healed 


of the 


same age 


percent were found 


trachoma after a yp riod of from five to nine 
6. In our researches we also faced, theo 
the problem ot the 


at its 


retically and practically 
trachoma aimed 


field 


nent ot 
In thi 


product be 


mass treats 


elimimation.*! not only must 


the cost of the considered, but 


even more importantly the necessity of reach 
ny the affected madividuals for treatment at 


regular imtervals and for sufficiently long 


periods ot time 
Whenever it is 


such population units a 


sible 


schools, the 


not pos to deal with 
anti 
local use are the least practical 


they 


biotics tor 


torm of treatment since have to be 


applied repeatedly during the day and can 
be turned over to the 


More 


usually not patient 


who are often unco operative accept 


able for the noninstitutionalized case is the 
use of sulfonamides which, despite the draw 
fact that they are 


backs related to the some 


times toxic, can be given successfully by the 
oral route in single daily doses over a period 


weeks 


ideal form of treatment 


of several But even this is not an 

In an attempt to solve this problem, we 
have tried”™* the 
N-N’ dibenzylethylendiamine dipenicillin G, 


a slowly absorbable product with long de 


recently administration of 


layed action, which has been successfully 


employed in some bacterial infections 
With this substance ( Benzathine penicillin 
(7, Wyeth) 35 patients with a more or less 
Il), generally 
treated. To 18 
patients the antibiotic was administered in 
tramuscularly I4th day, to 
2th day, and to seven every 30th day. The 


of the 


severe active trachoma ( stage 


children but also adults, were 


every 10 every 


number injections was from five to 


from four to six in 
three to 


eight in the first group 


the second, and from four in the 


third. The 


to correspond roughly to 2,500 units pene illin 


administered dose was calculated 
per kg. body weight per day at every imtra 
muscular injection; for example, a child of 
20-kg given 900,000 units at 
each injection if treated 14 days; 
1,200,000 units if treated every 20 days, and 


weight was 


every 
so forth. The whole course of the therapy 
lasted two to three months 

At the end of the fourth month after be 


ginning treatment, the following results 
were recorded : 
In the first group (treatment every 14 


days) 12 were completely cured (complete 
disappearance of hypertrophy), two were 


very close to cure, and four were slightly 
improved 

In the second group (treatment every 20 
days) seven were completely cured and three 
very close to cure. 

In the third group (treatment every 30 
days) three were completely cured, two very 
close to cure, and two slightly improved 


The regression of the conjunctival hyper 


trophy generally begins to be clearly evident 
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end of the second month of 


treatment but further improvement usually 


toward the 


takes place for several weeks after the end of 


the therapy 


Our studies seem to show that the main 
tenance of a rather constant, even if modest 
le vel of penicillin in the tissues, over a long 


period, is more eflective in trachoma that 


higher ke vels for shortet periods ; a similar 


observation had already been made for the 


sulfonamides (Thygeson). Our studies seem 


also to indicate that the intramuscular imnyec 


two 


tions of Benzathine every 20 days for 
three months is an easy procedure by which 
a complete cure of trachoma can be effected 
in a satisfactory number of cases (about 70 


percent ) This type of treatment therefore 


deserves to be further investigated on a 


larger scale, Since there are reasonable hopes 


for its use in cases in which the ordinary 


antibiotic-sulfonamict therapy cannot be 


safely utilized: the economic value of this 


treatment has to be considered 
We are also planning to try the effect on 
myection of 


trachoma of subconjunctival 


fenzathine, which we have already found to 
be well tolerated and effective in bacterial in 
fection of the anterior segment of the eye 
especially septy ulcers 

7. The 


antibiotics 


value of the sulfonamides and 
for the prophylaxis of trachoma, 
or more exactly for the prophylaxis of the 
acute seasonal conjunctivitides which may 
precede or accompany it, has also been stud 


ied. Our first investigations in this field were 


carried out in 1952 in a Jordanian village 
When it was found that the early treat 


ment of each case affected with acute con 
junctivitis was not a sufficiently reliable pro 
cedure for preventing diffusion of the dis 
ease, an over-all prophylactic treatment was 
Arab 


beginning of the autumn epidemic wave 


divided 


children at the 
Phe 


into five groups, as 


to 250 school 


given 


subjects were 
follows 

In the first group an oimtment contaiming 
2,500 ug. of streptomycin and 2,500 Oxford 


units of penicillin per gm. was instilled into 
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the conjunctival 
months Septem 


second group oimtment 


was applied for eight 
ginning of the epider: 


The third and 


were given, st 


7 
rourth 


ill at the beginning of the wave, 


a polysulfonamide compound, 10 centigrams 


of body weight, and 


per ky 


>.0 centigrams per kg body tor 
50 davs respectively 


Phe 


control 


fifth group wa untreated as a 


various preventive means, the 


the streptomycin 
penicillin ointment for two months proved 


o be the most effective, no case of conjun 


recorded for the 


d in contrast to the 2¢ 


tivitis being patients thus 


percent iffected 


Ihe 


ore of ] cacious 


the untreated control gre other 


ans were ill 1 but 


none was equal to the ipphiecation 
omtment 
\ second 
Arab 
ibia 


a first 


expert ene 


performed in 


school ch Hofut 


1953 on 
(Saudi 

children 
vy applica 
of the penici omtment 
the entire period of tl f epidemi 


of seasonal conjunct June ) 


econd group 0 between 


ind four sulfad for the 


10 day of the wa 
LOO) re 


group 


uned untreated as contre 


The results were analogous to the preced 


the grou four cases, O1 
10 percent, de econd group ; 


and percent, control 
group 
In subsequent t ramphenicol and 
reent applied 
July ) 


ilso 


ent ‘ 


spectrocin omtment 


ett 


if 100 and respectively 


ce veloped as 


against 27 percent in 100 untreated controls 


coniunctivitis 


a single 
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\ftter 


cone 


instillations of aureomycin omtment, 


a day for five days, 


tour times 
May 


conjunctivitis developed in only nine of 100 


yx recent 


at the end of in another series, acute 


treated children 


On the basis of these series, it may be 


considered an established fact that an effec 
seasonal 


cost. It 


tive antibiotic prophylaxis of acute 


conjunctivitis is possible at. little 


remains to be seen, however, what influence 


such prophylaxis may exert secondarily on 


trachoma, and it must be borne in mind that 


the value of such an approach must perforce 
be limited to those places and to those case 


in which the appearance of trac homa follows 


in acute conjunctivitis 


SURGKI PHERAPY 


(ophthalmologic in trachomatous 


countries must incl a consideration of 
surgical problems 

Operation for the correction of entropion 
This operation has been of particular imtet 


and | should like 


ful result 


est to us to mention here 
achieved in more than 
100 cases with the technique of Z. Nizeti 


Thi technique 


the sucee 


consists in approaching the 


imcurvated of the upper lid by the 


cutaneou route and ot rotating it 180 cle 


grees on its peduncle of attack to the palpe 
itor the origimal technique | 
d two points of fixation in catgut at 
of the tarsus, in order better to di 
nes an intermarginal inet 


to be remarked that the best result 


operation are achieved when the 


till abundant: when the tarsus 1 


considerably atrophic the operation may re 


sult ina further dimimution and ina stretch 
ing of the central portion of the lid upward 
the « trach: 


For the amelioration of th 


(Jperation for rrection / 


marous pt 


lid difficulty, | have developed and used with 


uccess a technique consisting tarsectomy 


ot the palpebr il le 


| Vator, as im 


operation but 


the cutaneous 


ipproag hed sur 


route. This permits 


formx twice daly for wo 

only, at the be- 
wave 
Of thes 
thee 
sion 
vith his 
proved to be 
two series and myecctony 
ically 
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the conjunctival fornix, which is often al Fistulizing operations for glaucoma. | 
ready reduced, to be wholly respected should like finally to remark that in individu 

Keratoplasty in trachomatous subjects is als with cicatricial trachoma, the fistulizing 
currently a problem and is undoubtedly operations for glaucoma often have unfavor 
slated for widespread practical application in able results,** owing to the thickening of the 
countries with very high trachoma indices conjunctival membrane This induces the 
where severe corneal complications are all development of rigid, circumscribed blebs 
too frequently encountered. In spite of the (although the scleral gap often remains 
fact that the highly vascularized trachoma open) which prevent adequate transconjun 
tous cornea represents a rather unhappy host tival or subconjunctival filtration. Even in 
tissue, above all for perforating operations, fully cicatrized trachoma, in which late se¢ 
our experience indicates nevertheless that ondary infection is no more to be feared 
brilliant successes can be achieved by this — than it is in normals, one should be prepared 


procedure,” especially if the corneal vessels for failures in fistulizing antiglaucoma 


are highly sclerotic as they may be, due to the operations and, after a first attempt, should 
age of the process or because of previous adopt different methods, such as cyclodialysis 
beta radiation therapy. In cases with pet or diathermic, electrolytic, or carbon dioxide 
sistent vascularization moreover, total or snow applications to the cilharv body 


subtotal lamellar keratoplasty may be indi 
cated, followed or not by perforating kerato Department of Ophthalmology 


plasty. University of Parma 
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Pertland, Oregon 


the 
the 


dedication 


in 
of 
tor 


great honor 
of the 


Proctor Foundation 


is a to participate 


fine laboratories 
Dy 
in external diseases; 


to 


Francis | 


had a major interest 


therefore, it seems appropriate for me 


describe the symptoms and signs which may 
result from the concurrence of two congeni 
tal 
inferior oblique insufficiency 


anomalies, epiblepharon and unilateral 
Four cases of 
this syndrome have been observed among the 
last lve 


Clinic at the University of Oregon Medical 


5.000 admissions to the Children’s 


School. There may have been additional cases 


because, in an infant, these two anomalies 


be overt lox 


PIBLEPH ARON 


lids is not 


Epiblepharon of the lowe! 
deformity 
a fold of 


rare in Caucasian infants but the 


has received little attention. It 


1s 


Part of a survey of children’s diseases 


ported by the Oregon State Elks Association 


eve 


sup 


invert the 
1). This 


inversion 1s exaggerated in downward gaze. 


skin 


eyelashes 


at the lid margin which m: 


against the cornea (fig 
Epiblepharon generally is a bilateral process 
be asymmetrical 

the 


but it may 


Origin of deformity is disputed but 
there is no doubt that the extra fold of skin 
is more pronounced during infancy when the 
orbit is disproportionately small as compared 
to the globe. Infants with marked epibleph 
aron typically have a narrow interpupillary 
epicanthus, chubby cheeks, and rel 


2) Also, | 


marked with 


distance, 


atively prominent eyes (fig 
noted it to become more 
the 


3). Conversely, the epibleph 


have 
enlargement of globes from congenital 
vlaucoma (hig 
aron infancy 


ot becomes less pronounced 


with growth and development of the facial 
bones 


blepharon is the keratitis which may result 


major complication of severe epi 


from rubbing the eyelashes against the cor 


nea 


Chis complication is rare. No treatment 


is imdicated in most « 


ontact of the evelashe 


ble pharon because 


with the cornea occurs only in extreme down 
ward gaze and even then the delicate eye 
lashes of an infant may produ ttle i 


tion of the cornea 


INFERIOR OBLIQUE INSUFFICIENCY 


In contrast to lephar 


epibie] on, congenttal m 
ulficrency of the infertor oblique is un 
lateral and may be consice ed a permanent 
defect. The term “insufficiency,” as used by 
seems preferable to “paraly 
because, in congenital oculomotor defici 
encies, impaired nerve or central nervous 
system function often cannot be demon 
strated. In fact, the usual features of con 
genital interior oblique msulliciency are 
quite different from acquired paralytic 
lesions. Generally, there is little or no devia 
tion except in the field of action of the af 
fected inferior oblique (fig. 4-a, b). Con 
tracture of the antagonist usually does not 
occur and comitance untamed the 
central and inferior fields of gaze. Then 


surgical treatment is considered advis 


able = 


not 


review found no 


lash 


nsulficiency ; 


of the literature, | 
the 


un ompli ated inferior oblique 


references to inversion of line in 


however, Duane noted that, in adduction 


widening of the palpebral fissure occurred in 
some cases. He appare ntly considered this to 
be related to retraction phenomena. 

The effects of 


inferior oblique insufficiency on epible pharon 


concurrence of congenital 


are illustrated best by summaries of the re 
cords of the four patients observed in the 
Epiconthus 
‘ 
As 
\ . 
4 
4 
/ ‘inferior 
Epiblepharon palpebral 
fold 
Fig. 1 (Swan pibley 


EPIBLEPHARON 


> iSw bey epharon typically occurs im 
nf i wid narrow 
rpupillary dist e 3 at the ve of mone 
nt 
University of Oregon Medical School 
lines 
{ASE REPORTS 
Case 


an 18-month-old white 
1946, There 
ind irritation of hi 
the child wa 


antibiots 


The first patient, 


ach tted n had been 


Wil 


recurrent redne right 


old 
ibe d but 


res four months 
had been preset 
inflammation of the eye had pers ted 

noted to have 


(On admission the child was 


i bilateral and 


\\ hic h 
vhit palpebral fi 


epiblepharon epicanthu 


The 
the 


were most marked on the right 


ure Wa wider than 
the hic 


The « pithe hum of 


the 


eft and the lashes of lowe were 


in 
against the cor 


had 


verted nea 


ivht cornea been eroded neat 


lower limbu 


the 


irk edly 


In downward gaze. inversion of 


the right was 


mecreased m 


bi 3 (Swan). Epibley 
Nt ‘ ‘ e pr ¢ x he 
es iu glaucoma 
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Fig. 4 (Swan) 
tral helds of waze 
present in right superior gaze 
ciency of the left inferior oblique 
corneal irritation would 


and the resultant 


stimulate blepharospasm, [entropion then 


would oceur, The entropion was relieved by 
instillation of a topical anesthetic indicating 
that it was spastic in origin 

At the 
the right inferior oblique was not even sus 
Attempts to tape the lid 


into an everted position were not successful ; 


initial examination, insufficiency of 


pected 
therefore, the child was admitted to the hos 
pital for examination under anesthesia. Ro 
tation up and in of the right eye was found 
When the child 


anesthesia, no deviation of the 


to be restricted recovered 


from the 
visual axes could be ck monstrated in the cen 
tral fields of gaze but a marked right hypo 
tropia was present in left superior gaze. In 
occasional excessive 


downward gaze, an 


deorsumduction of the right eve was noted 
This would invert the lid margin markedly 
but alone did not seem to account for the 


greater inversion of the lash line on the 
right side. 
Treatment of the oculomotor anomaly did 


not seem justified because there was no ap 


preciable deviation in the central and inferior 


fields of gaze It was deemed essential to 


correct the inward turning of the lash line 


SWAN 


come: 


n the sk 


or risk progressive damage 


Surgery. An incision was n 
il half of tl 
A hyy 


fibers was found 


along the nas: 


below the lash line 


ot orbicularis 
nasal half of the lid n argin an 


operation controlled 


and gave the boy temporar 


symptoms, although some inversion o 


lash line still occurred in downward 


\\ ith growth and development ot 
face the epiblepharon he« 
spicuous however, as his 


heavier there was a recurrence of the kerati 


tis with pannus formation 
When the boy 


center of the 


was aged si ars, the 
evelashes in the 
} 

Now, he no long 

still has a marked hy 


In the central 


epilated 


ritation, but potropia 


in left superior gaze (fig. 5-a) 


fhe lds he has bifoveal perception and stere 


} 


opsis (fig. 5-b). The boy 


avoil rotation of his eyes left uperior 


gaze. He is rarely aware plopia, and 


does not carry his head in an abnormal posi 


tion 


Fig 

Marked 

deviation 

palpebral fissure is wider 
lashes im the center of the rie 


removed. Epiblepharon persists on the rig 


"132 
trophied band 
~ l was excised 
the entropion 

4 the boy’s 
es con 
became 
> 
= 

n the lett. The eve 


CONGENTI 


\l 


seen in consulta 
ot 
onth old 


had re 


ight eve and hypersen 


Longview 
Intant 
urrent in 
‘ ition of the 1 
tivity to light 

epicanthus 


ght 


than 


an 
the 


ion of the lash 


on the ri 
mailpebral ure vider 


the right lower lid brought the lashes 


nto contact th the cornea. Then, the bo 
vould squeeze h ds tightly and entropion 
would result. In the central fields of gaze 
there w no deviation of the visual axes 
lig. ¢ but in left superior gaze, typical 
restricted rotation of right inferior oblique 
msulliciency is demon trated (fig. 6-b) 

It wa po ible to follow this patient tor 
only two months before contact with the 
family was lost. During this period, Dr. Hill 
was able to control the inversion of the lash 
line by the appli ithon of pla tic adhesive 
tape to the cheek. In this child, the greater 
inversion of the lash line on the side with 
the inferior oblique msulhicirency eemed to 


result from a marked ret ition of the lower 


lid in downward gaze 


~ 


Case 3 


The third 


white male 


month-old 
had 
for five 
lic 


patient wa a 


mitant, whom the parents 


have a te iinyg 


noted right eve 


month reported that h right 


were inflamed and | widely opened than 
the left. Conjunctivitis, secondary to daervo 
cystitis, had been suspected by a pediatrician 


On admission the 


child 


skin ot 


was rubbing his 


right eve and the the lids was hy 


peremic, A marked epiblepharon made the 


right palpebral fissure appear narrower than 


the left (fig. 2). Inversion of the nasal half 
ol the right lower lid had ( iused a con 
siderable punctate disturbance of the lower 


corneal epithel 


third 


right hypotropia and esotropi 


of the 


lransitory 


a frequently 


EPIBLEPHARON 


6& (Swan). ¢ e Jn ¢ ett 
uperwr e (b). t Ne 
the eck prevent 1 e lasi 
i thre rie 
were evident at this time but the ocular ro 


factorily evaluated 


the 


tations could not be ill 


therefore, no treatment of oculomotor 


anomaly Wa consid red 
cheel ret 


\pplications to the 


were 


ettective however, appheation 


collodion to the skin of the lower lid, two to 
three millimeters below the lash line, proved 
highly suicce ful \ the ether oivent ip 


orated the collodion contrac ted the } in with 


resultant eversion of the lash line. It wa 
possible to control the ld imversion by ap 
pheations of collodion every four to five 


day 


\fter about six months this treatment wa 


discontinued as inversion of the lash line 
occurred only in extreme downward 
and hypertrophy of the orbicularis fiber 


along the lid margin seemed to have dis: 


ip 
peared 


\t the age of three years, the boy still had 


a noticeable right epiblepharon with appear 


ance of a narrowed palpebral fissure (fig 


/-a). At his present age of five, the epibleph 


aron is much less marked and the boy 


eer 


to have cle veloped comtortable binocular 


single vision in the central fields of gaze 
(fig. 7-b). It is only in left superior gaze 


patient v 
4 
vht 
left. 
ine 
| 
seen 


(a) amd tive eat (tb) Th eiblepharon ‘ 


noticeable at the older age photog rap 


should be compared with Figure 


that a right hypotropia of about seven to 10) 
degree s become manitest however, in this 
field of gaze the epicanthus prevents binocu 
lar perception. In downward gaze, the eye 
lashes still contact the cornea and cause some 
irritation but the boy kas learned to bend his 


head forward rather than to look downward 


Case 4 


The fourth patient was a white femal 
infant, aged eight months. The parents gave 
the history of a mucopurulent discharge and 
tearing which had been present in the baby's 
right eye since she was eight weeks of age 
Dacryoeystitis had been suspect d because ot 
persistent lacrimation in this eye Repeated 
probings and irrigation of the lacrimal pas 
sages by an ophthalmologist had not relieved 
the epiphora 

Examination revealed a plump little girl 
with conspicuous epicanthus and epibleph 
aron. Her interpupillary distance measured 
only 39 mm. In the central fields of gaze, there 
was no manifest deviation of the visual axes, 
but the lashes were in contact with the cor 
nea (fig. 8a). In left superior gaze, there 
was restricted rotation of the right eye up 


and nasally. In downward gaze, a transitory 


KENNETH C. SWAN 


right hypotropia and esotropia occasiona ly 
were present. Also, in downward gaze, mm 
creased inversion of the lash line would 
occur. This would precipitate blepharospasm 
and true entropion (fig. 8-b 

There was a punctal disturbance ot the 
lower third of the corneal epithelium of the 
right eve and mucopurulent discharge along 
the lash line The lacrimal passage were 
Open 

It was felt that treatment ot the motor 
anomaly could be deferred but that it wa 
essential to control the n arked inversion ot 
the lash line because of the persistent kera 
titis 

Application of tape to this infant's cheel 
was not effective and resulted in cons derable 
irritation of the skin. Applications of U.S.P 


collodion to the skin of the lower lid again 


proved successful, Fortunately they could be 
discontinued after three month when the 
epiblepharon became les pronounced 


inversion of the lash line still occurred in 
downward gaze but the keratitis could be 
minimized by lubricating the cornea with an 


occasional instillation of one percent methyl 


cellulose in physiologic saline solution 


the il ul ent \ rigtit po 


ropior 
tropia and esotropia have developed. 


Fie 7 (Swan). ¢ awe of three years 
7 
4 
4 
AS 
Fig. (Swan). Case 4 looking straight ahead 
(a). In downward gaze (b) irritation of the rnea j 
by the ted « ‘ f traction 
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piven parents 


mecomitant 
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his head 
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hen turn 
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ire not 


ul itt 
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in older child 
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has | 
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W he 
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deviation, thereby, 1s pre 


problem in the manage 
ep 


ullicrem 


with the syndrome of 


oblique in 
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e keratiti controlling 


he | 
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enn 


ish line. Rehef of the 
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the 
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isure be 


lepharon prove with 
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patient 
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effective mea 
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ire 
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It was pe ble to discontinue all t1 l eve up and po 
ment when the child was no ey 
present age ot 18 months of paz : 
to have binocular single vision ee. e history 
tral ds ot vaze Inversion ot 
: line against the cornea occurs only in ex OS 7 
trem downward gaze 
There are several aspects 
cases which merit further cons i 
of the lash (nc 
ron is exaggerated by 
che velopment Of a spastic type of entropion Po 
The exact mechanism cannot be determined 
with from our observations of 
these four patient In i tour case there 
va reater retraction of the right lower lid Po 
in downward gaze on the affected side. This 
would exagyucrale the 
— 
a ta 
ron ¢ 
fected eve also was 
rit 
yndrome must be — that 
conside Hil is rential diagno of kin of 
any persis) external inflamma than taping Mi lid margin 
tion in an infant's eve. Recognition of the t does require application in Bae physician’ a 
epiblepharon presents no probles however office, or by an unusually co-operative and 
detection of inversion of the lash line may who HE |< the risi 
ot the position of the lower 
Is it u h 
diagnosis 


infant's head in an upright position 
U.S.P. collodion is dissolved in ether and, 

Also, 

The flexible type of 


therefcre, must be kept refrigerated 
it is highly inflammable 
collodion which contains oil as well as ether 
does not contract as it dries and, therefore, 
is of no value in these cases 

Tape is easier to apply but the epiphora 
to the skin 


plasty hacked types are 


tends to loosen its attachment 
The semi-elastic, 
preferable to the standard surgical tapes 
Surgery became necessary in only one of 
our four patients Dhe procedure s chosen im 
his case were effective but have left the boy 
with a cosmetic defect ; that is, the absence of 


Prob 


ably better procedures can bn developed as 


lashes in the center of his lower lid 
more is learned about the pathogenesis and 
course of the syndrome 

Surgical treatment of the inferior oblique 
insufficiency has not been justified in these 
four patients since none of the four has had 
fields 


measure 


a significant deviation in the central 


of gaze. Furthermore, accurate 


ments of the deviation in the various fields 
of gaze, a prerequisite to surgery, has not 
three 


been possible in two of the patients 


that have remained under my care 

It was possible to study the ocular rota 
tions under anesthesia in only one of these 
likely that the re 


sistance of rotation of the right eye up-and-in 


patients. It 


four 


was due to contraction of the superior oblique 


sheath and tendon as described by Brown ;* 


however, this contraction of the superior 


oblique sheath probably is not a constant 
part of the syndrome that | have described 
In Brown's patients the involved eye could 
horizontal midline 


not be rotated above the 
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in the adducted position; whereas, two of 
my four patients have been able to rotate the 
adducted eye above the midline in monocular 


fixation 


SUMMARY 


Among 5,000 admissions to the Children’s 


Kye Clinic at the University of Oregon 


Medical School, there were four patients 
aged nine to 18 months, who had had a 


persistent external inflammation in one eye 
which had not responded to the usual meth 
At the 


mversion of the 


ods of treatment of admission, 
keratitis, due to 
and the lid 


present 


time 
lash 
margin against the globe, was 
increased 


eo 


Inversion of the lash line 


in downward gaze and, when ace 


by blepharospasm, entropion resulted 
ach of the four children had an « pible ph 


aron which seemed exaggerated on one sick 


by the co-existence of an inferior oblique 
insufheiency. This concurrence of congenital 
anomalies seems a clinical entity as neither 
of these anomalies occurring alone ts likely 


to be complicated by a spastic type of entro 
pion and keratitis 
should be nonsurgical 


Initial treatment 


because epiblepharon generally decreases 


with growth and development of the facial 
\pplications of collodion 
lash 


line may be used to prevent inversion of the 
If these 


and orbital bones 
or semt-elasti tape to the skin of the 
lash line against the cornea 
fail, lid 


prevent progressive corneal damage 


necessary to 
Dreat 
should bn 


in accordance with established principles 


ures surgery may be 


ment of the oculomotor anomaly 
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FUNDUS CHANGES IN HYPERTENSION 
IN RELATION TO POSTMORTEM SYSTEMIC ALTERATION 
M. Pure Soranes, M.D 
Professor of Clinical Ophthalmology at the Faculty ot Medicine 
Mert Cily 
AND 
Anronro Ourroz, M.D., ann G. GonzAcez Barrientos, M.D 
Vex 
There are many unsolved questions con ESSENTIAL ARTERIAL HYPEATENSION AO case 
cerning the fundus change in arterial hyper 
tension (its pathogenesis, clinical signifi 
cance, and even its clinical picture) which WYPERTEMSION DUE TO CHRONK 
| GLOMERULONEPURITIS 40 casts 
cannot be answered by the consideration ot 
olated cases; a biostatistical study of these uveeatension bee TO 
changes has been the aim of the eye depart MISCELLANEOUS CAUSES 10 CASES 
ment of the Instituto N. de Cardiologia of ree ‘ 4 
ADRENAL ADENORA 
l’revious reports ( 1947-1949) presented 
TOTAL 90 CASES 
al tatistical comparison Of the retinal pr 
ture Of patients and several systemic dis Fig. 1 (Pow Solan Quiroz, and Barrientos) 
rial hy tet an 
orders (clinically considered )—-blood pres Arterial hypertension ca tucied 
sure aortic, S« lerosis coronary lerosis, 


heart and kidney function, and so forth—1in 
essential hypertension as well as in chroni 
glomerulonephritis. We seek the completion 
of the above-mentioned studies in the present 
paper through correlation of the ocular pu 
with the 


ture postmorten findings 


MIATERIAL AND METHOD 


Ninety hypertensive patients who died at 


the Instituto with a_ tull were 


studied 


necropsy 


Arterial hypertension in such pa 


tients is as shown in Figure 1 


\ statistical analysis of the retinal changes 
pasm of the vessels, 


(tonic contraction and 


arteriosclerosis, retinal edematous changes 


and so forth) has been made in relation to 
the systemic changes demonstrated by nec 
ropsy: heart (volume and weight, muscle 
fibers, coronary vessels), kidney (volume 
and weight, parenchyma vessels), brain 
(parenchyma, vessels), aorta peripheral 


and so forth 


vessels 


the limited number of 


do believe it to be 


Notwithstanding 
CASES WE representative 


of the two main kinds of hypertensive pa 


tients observed at the Instituto; that is, pa 


tients with essential hypertension and 
patients with glomerulonephritis (the mis 
cellaneous group is included for the sake ot 
comparison However, we consider that 


our present conclusions are preliminary and 
only compleme ntary to the retinal and clini 
cal systemic correlations previously reported 
a 95 percent of cet 


Student's test, with 


tainty (the maximal approach in biologi 
phenomena), was used to judge of the sta 
tistical significance of the differences, and 


Pearson's coethcient of quadrati mean con 
the 


tingency was calculated to appraise col 


relation between fundus changes and cardia 


and renal involvement 


RESULTS AND DISCUSSION 


A. Once 


retinitis was 


the traditional term of albu 


minuri fading into disuse, 


such expressions as benign hypertensive 


retinopathy, malignant hypertensive neuro 


indebted to 


ero 


* We are 
Mr. G. Ror 


statistical data 


heii their 1 portant sid im the 
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EDEMATOUS Non EDEMA 
al RETINAL TOUS RETINA LIEMORRUAGES 
CHANGES CUANGES 
+ + 
+ + + + + 
+ + + + wiTh 
0 + + + + +|0 + + + Ti 
+ + 
ESSENTIAL 
HYPERTENSION [55 i320 1113 0 9 7 Miles uid 3155 ia 22 
(40 CASES) 
RUL PURITIS 20 2 21 19 24515115 9 42 2132 4 4 15 25 
(40 CASES) 
CALC *t* 226 226 126 270 
5 316 316 125 276 518 
nom non non Non non 
DIFFERENCES SIGNIFICANT [SIGMIFICANT!] SICHIFICANT] SIGTUFE | SIGMIFICANT [Sich FICANT 
Fig. 2 (Puig Solanes, Quiroz, and Barrientos). Fundus changes in patients who died from esser | 
hypertension and chrom merulonephriti 


retinopathy, brightic, eclamptic retinopathy, 


and so forth, began to appear in ophthalmic 


terminology. Two different schools have, 


since then, clanmed: One claims that mor 


phologically diverse patterns are produced m 
the eyegrounds by arterial hypertension, if 
essential, renal, eclamptic, and so forth, or 
when it 


the other claims that the 


occurs m arteriosclerotic patients ; 


retinal changes in 
such patients are direct consequences of the 
arterial hypertension itself, regardless of the 
nature, and with a fundamental and constant 
ophthalmoscopic picture 

The morphologic differences described by 


those who favor the plurality of ophthal 


moscopic pictures are sometimes minimal or 


even negligible. Bailliart msists, for intance, 


that the retinal pat hes of kidney disease are 
more “granulous” than those seen in essen 
tial hypertension. Elwyn states that a retinal 
constriction found in renal 


arteriolar is 
retinopathy, from the very beginning, while 
the 


changes are discernible until the long-lasting 


in benign arterial hypertension no 


action of hypertension slowly produces its 


lerosts 


This is a typical example of how the 


clinical inte rpretation of isolated cases fails 


to solve the problems under consideration 
In a previous communication (1949), after 
the retinal 


il 


hypertension and another with hypertension 


fol 


statistical comparison ot 


changes in a series of patients with essents 
glomerulonephritis, the 
the 


due to chroni 


lowing conclusions were drawn retinop 
athy of patients with essential hypertension 


like that of 


hypertension due to chron 


is qualitatively patients with 


vlomerulone 


phritis but, if the patients are considered as a 


group, it differs quantitatively due to the 


yreater intensity of the lesions of the retinal 
parenchyma in glomerulonephritic patients 


(hemorrhages, “edematous” and “nonedema 


the 


differ 


tous” changes in the retina and dis« vas 


cular changes were not significantly 


ent) 


These results are now complemented by 


carried on with 


the 


more adequate material ( post mortem con 


present investigation 


trol of the clinical diagnosis and existing 
lesions, fig. 2, graphs 1 and 2): the oph 
thalmoscopic pictures in both groups ot 
patients are qualitatively identical : they are 


also quantitatively similar in a higher pro 
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c 
. a 4 6 4 
‘ | Chuiroz Barnentos) 
‘ el merul 
eplit ificant difference 
he pu ble iit toxic or het 
pr eres hould bn in 
' relation with the amount of nephrons cle 
cl tlonephi tis nh ¢ ential and renal hy troved by the me bid process was imal 
pertension rectly studied, Cur case were divided in 
The pet tence of this difference im the two groups (fig 5 the first includes those 
case of “edematou retinal changes in both Cast vith kidney weighing over LOO gm 
statistical surveys leads us to accept the po and the second those with kidneys weighing 
bility of an acce ol toxic or dy metaboln below that NO ditterenes 
factor acting togethes vith the fundamental vere demonstrable in the retinal changes ol 
arterial hypertension in the pathogenesis of — the two groups 
the lesions in renal retinopathy as claimed It must be noticed that the difference im 
by Mylius. Bailliart, Koyanagi, Raddt, and the dimini hed weights of the kidneys in 
many other authors both group had shifted the values of the 
| EDemarous | , 
CONSTRICTION CUANGE 5S EDEMA SCLEROSIS 
wits 
+ + + + 
+ + + + Oo + ; + + our 
+ + 
GROUP | (weiGuT ABove 100 GM 
UREA (MEAN VALUE) 240 “4G 
24 5 23 5 270 8 § 
CREATIMIME 250 
DIASTOLIC (10) 125 
GROUP il (WEIGUT BELOW 100 GM) 
UR (MEAN VALUE 446 MG 
cA 5 a 6 4 i 5 1 6 4 
CREATININE (ip) 752 
DIASTOLIC (iD) 22 
CALC *t 106 o7s 160 
STUDENT'S THEOR 4305 4303 4 508 278 \2 706 
TEST non non non non non 


DIFFERENCES SIGNIFICANT SIGNIFICANT SIGMIFICANT SIGTUFICANT SIGTUFICANT 


FUNDUS CHANGES 
big Solan and HBarrient Fundu hanywes und the weight of kidneys in 
romic glomerulionephrit patient 
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GENERALIZED) FOCAL |CDEMATOUS | papi ARTERIOLAR EDEMA 
NARROWING KONSTRICHON [EDEMA | SCLEROSIS | TOUS 
+ + 
+ + + + + 
+Ty + + + +t4 + 
+ + 
NON MALIGNANT 
MYPERTENSION |2 201211064 5\6 54 |B27/15 15 22 41/10 
(27 
MALIGNANT 
| 36 5325 514 261/61 4/226 2 5 
(15 CASES) 
CALC. 116 156 120 134 0 80 
21 416 518 440 278 
es DIFFERENC NON non non non non non 
Fig. 4 (Puig Solanes, Quiroz, and Barrientos). Fundus changes in patients who died from essential 
malignant hypertension and nonmalignant (but severe) hypertension 
blood chemistry (240 my./100 ec. of urea nant nephrosclerosis, a term which is now 
and 12.5 mg./100 ce. of ereatinine—average almost universally accepted 
values—-for patients of Group 1; and 346 Besides this initially malignant form, it is 
mg./100 ce, of urea and 17.5 mg./100 cc. well known that nonmalignant hypertensive 


of creatine tor patients of Group II, al 
was discernible in the 
(123 Hy 

for patients of (sroup I and 


though no difference 


diastolic pressure values mm 


average value 
122 mm Hy for patients of Group IT), 
This is an indirect proof of the now in 
disputable fundamental role of the diastolic 
of the 


toxic or 


pressure as a direct determinant 
retinal changes in renal patients ; 
dysmetabolic factors, if acting, must be con 
sidered of aces 

C. A 


mim 


ssory importance 
130 
characteristic 
to 


approac hing 


high diastolic (above 
the 


prompt 


pre ssure 


from onset, a 


Hy) 


retinopathy, a evolution renal 


failure, and a_ rapidly end, 
often in a young male patient, were grouped 
in 1948 by Keith, Wagener, and Kernohan 
as “malignant arterial hypertension ;” later 
on Fahr found in necropsy studies of such 
patients not only a hyalinization of the vessel 
walls but furthermore an arteriolar necrosis 
He considered the latter as the pathologic 


basis to tag a case with the name of malig 


patients may, m a certain period of the 


evolution of their disease, deve lop a malig 


nant stage with its characteristic arteriolar 


necrosis 
rhe eyeground changes have been taken, 


among other criteria, as a basis for the clini 


cal qualification of malignancy in arterial 


hypertension. Fischberg, in 1939, claimed 


that serious retinal changes may appear long 
before gross alterations can be ce tected im 
the kidneys; he 


that it is only possible to demonstrate at 


furthermore, also claimed 
teriolar necrosis in patients with hyperten 
sive neuroretinopathy 

Schroeder (1953) the 


changes observed in Group IIT of Wagener 


feels that fundus 


and Keith's classification (arteriolar spasn 
with “edematous” retinal changes) are chat 
acteristic of the early stages of malignant 
hypertension, while Group IV (edematous 
disc changes) is found in late and mor 


severe phases 


Although the 


great majority of investi 
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FOCAL [EDEMATOUS | ARTERIOLARQ [NON EDEMA 
narrowing Korstauction| RETINAL | | scLEQosis [TOUS 
CHANGE S CHANGES 
lo-+ +/0 Jo + our | WITH 
ape + + + 4+ 
WITH CEREBRAL 
EDEMA 361335 [30 7 6 4/25 5 29 155 5 17/21 1416 2 4145 2 10 22 | 35 
( 57 Cases) 
WITHOUT CEREBRAL 
EDEMA 41986111064 3/9 410 |6 16 
(23 cases) i | L | 
cacc. 084 1 062 152 1.83 106 129 65 
STUDENT'S 
TEST THEOR** 278 3 182 4505 | 4303 278 4503 12 706 
DIFFERENCES non non non non non non non 
SIGNIFICANT | SIGMIFICANT | SIGMIFICANT | SIGMIFIC] SIGNIFICANT | SIGNIFICANT 
by (P S es, Y z Barrient Fundu unges and cerebral edema in hypertensive 
| (essential, glomerulonephritic, and miscellaneous ) 
vat cept this viewpoint, others deny it late a choked dise in arterial hypertension 
Goldring and Cha 1944) did not find a to an increased spinal-fluid pressure (Shel 
severe retinopathy in 19 (23 percent) out of burne, Blaine, and O'Hare Pickering 
68 supposedly malignant hypertensive pa 1952). However, Taylor, Corcoran, and 
tient irteniolar neere they agree, was (1954) have recently concluded (after 
only demonstrable in 13); besides that, a a statistical study on 200 hypertensive case 
choked dis« for even more than two or 1) percent with and 50 percent without 
three years) was observed in many non choked disc) that there is only a small re 
mahgnant hypertensive cases. Keith, Rucker, lation between these two element they 
ind Parkhill (1941) has already published accept with Duke-llder their association as 
the clinical history of a patient whose severe “‘collateral,”” and not as “causal,” both being 
papilledema completely disappeared 19 days a more or ke independent manifestation 
before death, caused by malignant hypet of arterial hypertension ty the use of 
tension, notwithstanding that renal, cardiac \vala’s index they also find that the choked 


ind cerebral functions rapidly declined 


(One out tanding fact 1s revealed by the 


tistical survey shown in Figure 


pre ent 


are neither qualitative nor quanti 


ditterence } tween the ophthalmo 


both malignant and non 


hypertension. It 


dent that the sence Of any one 


pre 
does 


etinite 


wo entitr not necessaril\ 


| the ippearance of d patterns in 


oscopi ch inpe 


Cushing and Bordley (1908) 


has been a unanimous tendency to re 


dise 18 not basically due to an increased 


intracranial pressure secondary to cerebral 
edema 
We have also made statistical comparisons 


the choked 


patients with and without cere 


(as we I] as other fundus 


changes) in 


bral edema (postmortem finding) (fig. 5) 
the differences in both groups are not sta 
tistically significant, which agree with the 
climeal findings of Taylor and others 

kk. The meaning of a retinal vascular 
sclerosis as to the condition of the entire 
systemic vessels (particularly those of the 


wil 
malignant 
Ss «Vi 
ophth 
here 
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QUIROZ AND G 


G. BARRIENTOS 


rABLE 1 


RELATIONSHIP BETWEEN RETINAL AND SYSTEMIC SCLEROSIS AS SHOWN IN THI LITERATURE 
Author Ciheerva ne Results ‘ lusions 
KRaclhmann (1489 90 necropeies of arteriosclerosie 44 with fundus changes. 10°) of Diagnosis of sclerosis of the 
these with system ere cerebral veesele may be rea ed 
b lerosis by ophthalmos 
Opin and Rochor Du S me peies of albuminuric re Ne anges in the system " 
Vigneaud (1904 tinitia te lar tree 
Fontaine Verwey A ne peies with arteriogcler Marked re al aclerosis tw Not a great relat ; het wee 
19271 retracted kidney. 4 with ar stances, mild cam ena ebral and ‘ 
te ues base N al { a 
{ the « j dis 
(1927) 4 necropsies se re betwe 
et ‘ ebral and 
sclerosis 
K yrieleia® (1941 14 me omer 7 of primary re Ketinal and diac aclerosia in the 
ted kine und 7 normal 7 with retracted kidney 
Wagener and Keith Pe«t il biopsy in hypertensive Most of the patients with retinal 
1947 patients angiosclerosis showed 
the veasel " 
Kintelen (1949 45 necropeies sees with vas Retinal sclerosis and ¢ sis of the basal arteries of the bra 
cular changes of various types emepha arte well as my ard ary scle 
are not related. The seems to be some rela w ena 
gioscle ais 
ohen (1947 47 patients with renal biopsy 22 witl rmal fundus: slight The eyveground is @ be 
enal ac lerosis guide judge the we 
45 with moderate fundus changes ondit {the vesse 
aie moderate nephro 
15 w great fundus changes 
moderate nephroscle sis 
2 with greater fi inge 
malignant nephrosclerosis in 
ne, moderate in the ot he 
Castleman and Smith Renal biopsy S00 patients Patients with mild renal changes There 1 good ela he 
wick (19468) (or without ‘4 etinal tween renal and re il changes 
' ues I Il. Patients with 
tinal anges Ill or IV (Wa 
acne Keitt 
* Quoted by Kintele 
brain) has led to many rather erroneous — systemic sclerosis and have not easily reached 
statements, which, as the following, may be the same conclusion, as may be shown in 


found in textbooks of ophthalmology and 
internal medicine 

“A the prognostic value of retinal sclero 
sis lies in the clue given by the ophthalmo 


scopic findings on the condition of the cere 


bral vessels (Groenow, 1920); reti 
nal sclerosis is a sure sign ot the same con 
dition of the cerebral vessels (Schieck, 


1930); “ 
of the kidney, but that of the 
( Volhard, 1934); 


eyegrounds the clinician learns of the irrep 


the eye is not only the mirror 


brain 


by exploration of the 


arable damage of the vessels as a whole and 
specially those of the brain (Brana 
and Radnai, 1934) 

Pathologists have deliberately been seek 


ing for this relationship between retinal and 


lable 1. This relation between the sclerosis 
of the various organic sectors is less evident 
than is generally thought 

ur cases have also been studied from this 
viewpoint (fig. 6): the statistical compari 
son of retinal vascular sclerosis in patients 
with and without cerebral sclerosis (diabet 
ics excluded) has not shown significant dif 
ferences 

F. The action of sustained arterial hyper 
tension on the retinal vascular sclerosis is 


evident; in other systemic 
(heart, 


quite territories 


kidney, and so forth), it not only 


produces arteriolosclerosis but also intensi 


fies arteriosclerosis. In patients with hyper 


tension, we have tried to correlate the effect 


of time on the vessels of the retina (ar- 


FUNDUS CHANGES 
f T ] 
RETINAL VASCULAR SCLEROSIS 
+ 
+ 
+ 
WITWOUT CEREBRAL 
VASCULAR SCLEROSIS 
| cases) | 
WITH CEREBRAL 4 
VASCULAR SCLEROSIS 
] 
cau t 106 | 
STUDENT'S 
TEST veoR “t 278 
DIFFERENCES | NON SIGMIFICANT 
Fig. 6. (Puig Solanes, Quiroz, and Barrient 
Cerebral and retu \ it ere n hypertet 
sive patients (essential, glomer ephriti na i 
ellaneous, excluding diabeti 
teriolo cle rosis) and ol the J idney { judged 
through this organ’s progressive loss of 
weight ) (hig 7, graph 3) Ih re isa modet 


ate statistical significant correlation between 
both phenomena which agree with Rin 
telen’s viewpoint the retina not the 
mirror of the brain but of the kidney 
(;. An increase in weight and volume of 
the heart, which is a universal characteristi 
of the hypertensive cardiopathy, is favored 
RETINAL VASCULAR SCLEROSIS 
KI DMEY eitrtia 
+ 
449-400 GAs 
599 - 350 
549 300 5 i 
49-100 2 1 2 
99-50 2 6 


PEARSON'S COEFFICIENT OF QUADRATIC 
MEAN CONTINGENCY C: O: 0.45826 
A MODERATE DEGREE OF CORRELATION 


Fig. 7 (Puig Solanes, Quiroz, and Barrientos) 
Retinal vascular sclerosi nd weight of the kidney 
in hypertensive patients (essential, glomerulonep! 
ritic, and miscellaneous ) 
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RETINAL VASCULAR SCLEROSIS 
o|+ 
+ 
200 - 249 Gas ' 
250 - 299 
500° 349 5 ‘ 2 
350. 399 4 
| 400-449 5 5 
; 
| 450. 409 | 2 2 i 
| 500 - 549 | 4 2 5 ' 
550- $99 | § 4 
| @00-€49 2 
} 
| 680-699 | 
100 - 149 
150- 199 
PEARSON'S COEFFICIENT OF QUADRATIC 
MEDAN CONTINGENCY c: 0.60 


A MOCERATE DEGREE OF CORRELATION 


Fig. 8 (Puig Solanes, Quiroz, and Barrientos) 
Ike il ilar sclerosi ind weight of the heart 
pertensive patients (essential, glomeruloneph 
i dt i ‘ ‘ us) 
by the long tanding action Ot artet al hyper 
tension. There is a. significant correlation 
hown by statistical analysis between retinal 
vascular sclero and the increase in weight 
of the heart (fig. &), thu giving the clinician 
a clue to the approxi ate age ot the hyper 
tensive proces and the degree of damage 
done to the heart 


H. It is well |} 


an arterial hypertensive case | 


nown that the evolution of 


Val table and 


2 
% . 
1 
. 
¢ 
> 
; 
or mit evs 
4 ( “rit 
Grapl (Pui ‘ Juiroz, and Barrientos) 
Correlation etween retinal vascular sclerosis and 
weight of kidneys. 
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T T T 
Focac | eoematous | PAPILL- | AATERIOLAR EDEMA 
| RETINAL | TOUS RETINAL WEMORRUACES | 
ances | SCLEROSIS CHANGES 
| + + + + | + + + wit 
t T + 4 
HEART hia |91 419 4) 
; 
KIDNEY 26613 65" 26 75 918 Bui 
| 
| 165 ist 170 204 | 145 
STUDENT'S 
TEST *t* | 276 3162 4503 4504 278 5182 


f morn nor non non non | mor 
DIFFERENCES | SOMFICANT | HGMIFICANT | SIGMFICANT | 


Fig. 9 (Puig Solanes, Quiroz, and Barrientos). Fundus inges in hypertensive 


who died from heart and kidney disease 


beyond prediction since there are several death in hypertension The main are the 


responsible factors directly related to the following: (a) heart disorders (heart failure 
hypertensive disease which may ultimately by hypertensive « irdiopathy, coronary 
cause his death. Nevertheless, we may sta thrombosis, and so forth), 60 percent of 


tistically approach the immediate causes of — cases: (b) brain compheations (thrombosis 


GENERALIZED! FOCAL PAPILL: |ARTERIOLAR 
ols 
+14 + + +) 
+ + 
+ 
HEART 186 91414356 
BRAIN 122151 21314 8 
CALC 216 172 114 124 160 075 
TUDENT' 
276 3182 582 4303 278 | 
DIFFERENCES Non NON non NON non Mon 
SIGNIFICANT |SiGrFICANT SIGNIFICANT |SIGMIE. [SIGMIFICANT SIGHIFICANT 
Fig. 10 (Puig Solanes, Quiroz, and Barrientos). Fundus changes in hypertensive patient 


who died from heart and brain diseases 
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GENERALIZED] FOCAL |ECEMAIOUS | papi anreriorar EDEMA 
NARROWING |CONSTRICTION Lance EDEMA | Cuanees 

+] + + + 
+ + + + + + | + 

0 + + o + 0 + +10 + Oo + + io + + 
+ + + 4 | + 

+ + | + 

KIDNEY (26685 6 26 7S 2 


BRAIN | 2511413 1 22/15 1 2/6 8 


STUDENTS 
TEST 


i735 109 | 374 169 093 118 
| 
276 3182 | 5182 4505 278 


SIGMFICANT | SIGMIFICANT |SIGTHE SIGTUFICANT | 
I ll (Pu Solane ) z, and Barrient bunch i" perter © patie 
who died from kidne nd brain disease 
hemorrhage or hypertensive encephalop 11; graph 4) and the final results prove 
athy), 30 percent of case c) kidney dis neither qualitative nor quantitative differen 
orders (renal failure), 10 percent of cases ces (with one exception in the latter) in the 
Clinical wn which may be taken as pre ubsect whose deaths were due to those 
monitory of death in an early stage of the three ailments, There is only one staustieally 
disease have been looked for, and the eye significant difference demonstrable, and thi 
grounds have also been studied from this is the greater intensity of edematous” reti 
tandpoint nal changes in those who died “by cause of 
\ comparative statistical urvey of the the kidney 
eyegrounds of hypertensive patients (essen 
tial, glomerulonephritic, and miscellaneous ) CONCLUSION 
who died due to cardiac, cerebral, or renal 1. The ocular pictures of patients who di 
omplhications has been made (figs. 9, 10, and from essential hype rtension or chrome glo 
merulonephritis are qualitatively identical; 
“y KIDNEY as a group, they differ quantitatively im the 
greater intensity of the retinal “edematous” 
E lesions found in the latter (a confirmation ot 
5! our previous clinical findings ) 
% 2. The amount of nephrons destroyed by 
the morbid process in the glomerulonephriti 
: patients (indirectly judged by the loss of 
+ + , + = weight of the kidney ) does not affect the in 
2 4 2 tensity of the change in the eyeground even 


when apparently it has notoriou ly modified 
4 (Puig Solanes, Quiroz, and Barrientos) 
R the retension of toxic substance and met 
edematou esion whiney rain, sigmihi 


ant differences aboli product in different amounts in both 


: 


146 M. PUIG SOLANES, J. A 

of the groups under survey (as may be 
judged by the values of blood urea and 
creatinine but not as yet the diastolic pres 


sure). We thus have an added proot to the 
well-known fact that the diastolic hyperten 
sion determines the changes in the eye 


ground (as happens in other organic re 
gions ) 


3. Significant differences are not found 


by statistical analysis in the retinal pictures 


of patients who die of malignant hyperten 
who die of a 


ion in comparison with those 


nommalynant, ut severe, 


Marked 


pat he and even papalle le mia) may bn char 


hypertension 


changes (including edematous 
acteristic of a severe 


but 


arterial hypertension 


not conclusive of its malignancy (at 


teriolar necrosis ) 


1. There are no differences in the intensity 
of the changes in the eyeground (particu 
larly of the matous” lesions and papil 


ledema) in hypertensive patients with and 


without cerebral edema shown by necropsy 


5. There is no correlation between the 
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6. On the contrary, there is some statisti 
cal correlation between the intensity of the 
(the 


latter being judged in the general group of 


retinal and the renal vascular sclerosis 
our hypertensive patients by the decrease in 
weight of the kidney ) 

7. There is also a moderate correlation be 
tween the effects of a long-standing arterial 
hypertension in the retinal vessels (arteriolar 
and the myocardium 


sclerosis ) (hyper 


trophy with increase in weight) 
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the brain, or the kidney” 
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alike 
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\ TONOGRAPHIC STUDY OF THE GLAUCOMA 
Dur ro Dt AVYED RESTORATION OF THI ANTERIOR CHAMBER 
APTER CATARACT EXTRACTION 
Perer C. Kronrecp, M.D 
Professor of Ophthalmology, University of Illinois 


Chicag Iilin 

The form of glaucoma which is the sub coma but also to throw light upon problems 
ject of this communication of clinical in of the regulation of the intraocular pressure 
terest because delays restoration of the in general 
anterior chamber after cataract operation In an earlier study of this form of vlau 
still occurs despite all efforts to prevent and i undertaken before the era of tonog 
treat this postoperative comp! thon raphy the facility of myueou outtlow a 

(slaucoma due to delayed restoration of the te then unknown vas estimated by the 
anterior chamber is also of phy ologic in o-called ma ive test that by observing 
terest since it represents a relative pl the drop in tonometric reading that occurred 
lucid form of glaucoma. In the eve af as the result of a tonometric load of 15 gn 
fected a normal condition with reé ard te ie resting on the eve for two minutes I hie 
regulation of the intraocular pre ire in all mean for the facility of outflow for control 
probability prevails until the outflow of eves over 50 vears of age determined by thi 
intraocular thuid becomes disturbed by the ethod was 0.16. Crude as the method un 
formation of peripheral anterior nechias doubtedly was it clearly demonstrated (table 
The detailed study of such eves pre es not 1) a disturbance of the fluid outflow from 
only to yield information of ilue for the the eye affected with glaucoma due to 
understanding of this specific type of glau lelayed restoration of the anterior chamber 
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TABLE 1 instance, in companion aphakic eyes where 
FACILITY OF AQUEOUS OUTFLOW IN GLAUCOMA one eye was normal and the other had just 
DUE TO DELAYED RESTORATION OF THI 
close 
onal geet cer half of the circumferential angle closed oft 


(The massage test, Haas and Kronfeld, 1944 by an iridocorneal adhesion, the value for 


facility of outflow was normal in the first 
( Ocular Tension ( 
= Before After Coethoent eye, bul only half as great in the second 
Number 
mm. Hg mm. Hg of Outflow A systematic, gonioscopi and tono 
1 2 0.05 graphic study of the glaucoma due to cle 
2 $8 $2 0.04 laved restoration of the anterior chamber 
; 65 61 0.03 
0.04 atter cataract operation was n ade by Weel 
5 45 49 0.08 ers and Delmarcelle* Ver yrat fyingly 
6 42 0.05 
7 ? "4 O11 their gonioscopic findings were in excellent 
8 28 22 0.08 agreement with those of Grossmann and 
9 52 5 0.08 
Kronfeld The Belgian author adopted a 
very useful system of grading the chamber 
The advent of tonography permitted more angle alterations following cataract opera 
accurate measurements of the outflow dis tion, which is given in. the following, in 
turbance due to peripheral anterior syn fairly literal translation 
echias. Grant® refers to it in his first com 
Iver | Angle normal or onl iwht ltered 
prehensive paper on clinical measurements ocaliged oles 
of aqueous outflow 
tl het f Il Angle altered | the presence f som 
nm genera the degree ot ob ruction is 
aqueous outflow has been found by tone heculae and, occasionall the rm 
graphic measurement to be roughly pro w trapezoidal pe. The ‘ ‘ ne 
portional to the extent of synechial obstruc Amate 
tion of the angle estimated gonioscopically fluence of the corneal or trabecular goniosyt 
Both the proportion of the angle involved echiae up to a maximut f 120 devres 
ver Annular ni nechiae extend 
and the density of the synchiae, estimated by 
re t n ilf of the ar reu erence 


transillumination, appear to be correlated 
Weekers and Delmarcelle, confirming the 


with the measured degree of obstruction to 
observation of Grossmann, FE. 


outflow. In examples where the whole cit earlier 
by a dense and Kronfeld, P.. found a fairly yood cor 


cumference has been sealed off 
relation between the severity of the anglk 


synechial band the facility of outflow has 


heen measured as essentially zero and the alterations and the occurrence of glaucoma 
tension has been in the seventies. In one (table 2). The more extensive angle altera 
TABLE 2 


CHAMBER ANGLE ALTERATION FOLLOWING ¢ ATARACT EXTRACTION 
Weekers and Delmarcell 


thon 
Number of of Alteration 


(sroup 
Controls 15 6 
Delaved chamber restoration 
without glaucoma 17 2 7 6 
Delayed chamber restoration 
13 0 0 ; 10 


with glaucoma 
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3 
FACILITY OF OUTFLOW AND OCULAR TENSION APTER CATARACT EXTRACTION 


Weekers and Delmarcelle 


P Niner of Facility of Outflow Ocular Tension (mm. Hg 
roup ( 
. Minimum Mean Maximum Minimum Mean Maximum 
Control aphakics 0.14 0.1 0 50 0 14.1 4.2 


Delayed chamber restora 
tion with normal tensior 17 0 12 0.18 32 17.1 


Dela ed chamber restora 


tion with glaucoma 13 08 0.06 0 09 4300 ik 0 72.0 
tions were clearly related to delayed restora Weekers and De Imarcelle, and of this im 
tion of the anterior chamber and glaucoma titution have established the diagnostic value 
was clearly associated with the more severe ot tonography in cases of ce laved restoration 
degrees ot gomiosynech is but “gone scopy of the anterior chamber after cataract op 
does not permit recognition, w th certainty, eration The purpose of the present pape! 
ot those cases in which the balance of the Va to analyze further the disturbance of 
intraocular pressure will become disturbed.’ the fluid exchange resultant from peripheral 

In the kighth Proctor Lecture,” | arrived interior synechias and, particularly, to 
it practically the same conclusion malyze the action of mioties in glaucomas 

Gomoscopy proved useful in) demon due to gomosynechias 
trating the fact of delayed chamber resto 
ration but did not, in our hands at least Pik MATERIAL 
serve to detine the resultant outflow disturb Phi tudy is based upon cases of per 
ance quantitatively.” tently elevated ocular tension, ocular hy 

For the latter purpose Weekers and Del pertension, that is glaucoma, in aphakic eyes 
marcelle found tonography most helpful which met the follow ny requirements 
(table 2) Persistent elevation of ocular 1. Careful examination before cataract 
tension was invariably associated with a low  ©Xtraction, including at least one tonometric 
coefficient of outflow. In the cases in which reading, had revealed no sign of glaucoma 
the ocular tension could be controlled by the 2. No major complication had occurred 


topical application of DEP the facility of during the operation which was an intra 


outflow very markedly improved (table 4) Capsular one in most instance 
The concordant findings of Grant. of 3. The inflammatory postoperative rea 
tion Wa light ind had either cor pletely 
rABLE 4 ubsided or was definitely diminishing in 
PPFECT OF DFP UPON OCULAR TENSION AND intensity 14 day ifter the operation 


FACILITY OF OUTFLOW IN GLAUCOMA DUE TO 
DELAYED RESTORATION OF THE ANTERIOR 1. The anterior chamber had been absent 
CHAMBER or very shallow for at least six days after 
Weekers and Delmarcell 


the operation 


t of Ocular Tension extensive pt riphe ral anterior synechias 
im ie t A 
~ neon mm. Hy vere found upon gonioscopic examination 
ber Before \fter Before After . Observation of the mate re vealed no 
nol glaucon a 
1 0.04 0.20 0) 90 P 
4 0.07 0.20 7? ”) The form of glaucoma under discussion 
O8 5 
0 Oe + was further characterized by a gradual or 


subjectively, subacute onset six to 10 weeks 
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rABLE § 


Ocurarg Tension (P,) 
it ouTFLOW IN 
RESTORATION OF THE 

CATARACT 
(Patient Negress 


AND COERPFICIENT OF 
GLAUCOMA DUE TO DELAYED 
CHAMBER APTER 


AQUI 


ANTERIOR 
PERATION 
aged 69 years, sine Rx) 


Date and Time I 


45 p.m 
pom 42 
OO am 48 
OO 
10 p.m 42 
Wam 


after the operation, fairly marked diurnal 
fluctuations of the ocular tension with a low 
around 2:00 
10:00 a.m, an 


tionship between elevation of tension and 


and a between 


2:00 p.m., 


a.tm., 


peak 


and a close re la 


damage to the optic nerve 


RESULTS 
From the clinical standpoint three grades 


of glaucoma secondary to delayed restora 
be dis 


and 


tion of the anterior chamber may 


tinguished —mild, moderately severe, 
severe 

In the severe cases the chamber angle ts 
completely or almost completely closed by 
solid, confluent goniosynechias involving the 
most anterior portion of the trabecular area 
The ocular tension ts 


or even the cornea 


constantly between 50 and 70 mm. Hg 


(Schigtz) and responds only slightly and 
for short periods to strong cholinesterase 
inhibitors such as 
0.2 percent DFP. The 


that it ts 


ome percent eserme or 


tac ility of outtlow 


is so small barely measurable 
Closer investigation of the fluid exchange in 
such cases is fraught with great difficulties 
and the same may be said about the clinical 
management of these cases which ts always 
surgical 

[he mild cases are very gratifying from 
the clinical standpoint and, at the same time 
What 


their 
fact 


phy imterest 


mild 


miotics 


of ‘4 onsiderable 


them as 


cases 15 


characterizes 


excellent response to and the 


that they maintain their visual status quo 
The angle 


with a minimum of treatment 
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alterations are of Type 2 or 3 of the classi! 
Weekers 
onset of the 

but 


cation of and Delmarcelle. The 


glaucoma may subjectively bn 
without 


gradual, 


to the el 


subacute, usually 1s 


subjective symptoms attr ibutable 


vated tension which may reach levels 
mm. Hg. Marked diurnal fluctuations of the 
oculat they 


follow 


tension are the usually 


a fairly definite pattern that allows 
comparative examinations during the ascend 
ing or descending phase 

These eyes lend themsel 
with most of the modern methods of aqueous 
flow One or several 


measurement aqueou 


veins are normally visible and permit obser 


1! 
as 


vations of the aqueous flow as we 


urement of the pressure in the epts 
veins and of the outflow pressure after Gold 
mann. By repetitive measurements the ex 
perimental errot entailed in these methods 
can be verv considerably reduced 

My results have been, in brief, as follows 
The episcleral venous pressure, the outflow 
pressure, and the general appearance ot the 
aqueous veins do not vary significantly with 
the diurnal fluctuations of the ocular tension 


The 


normal 


episcleral venous 


(YO to 


is within 
Hy) 
three 


pre ssure 


limits 12 mm while 


the outflow pressure 1s two to times 


as great as that of control eyes. This finding 
is corroborated by tonography 

Low facility of outflow, that is C values 
between 0.05 and 0.10, are characteristic of 
For a given eye © Is re 


(table 


the whole group 


markably constant 5) and independ 


diurnal fluctuations. Several pa 


observed tor 


ent of the 


tients have been three 


without significant change in their fa 


of outflow. Two exceptions will be re ferred 
to be low 
The 


miotics of the anticholinesterase 


group, and particularly di-isopropylfluore 


phosphate, cause marked ind lasting lowet 


and cessation ot 


sociated 


ing of the ocular tension 


the diurnal fluctuations beneficial ef 


fect upon the tension ts as 


decided improvement in the facility of out 


flow (tables 6 and 7). In a good many eyes 
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7-28-52 12 0.06 
7-29.§2 ( 0.07 
8-4-5) 9 0.06 
0.08 
0.06 
9 0.05 
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well con 


s are depend 


of this group the tension ret 
trolled by the il ipp 


Still the 


ent upon these ill amount nedication 
Discontinuance of the dru 

vated tension and the 

come to the fore again 

s to bring 


that 


with DIFP, in rare instances 


about a cure of the dise 


the ocular tension become uns nor 


mal without nedication 


tance a corresponding nerease 
itflow has been ob rved 


itvolto 
diurnal fluctu 


lo account for the 
tension im the pr ef 


ations oft an ap 


parently fixed outflow disturbances Haas and 


Kronfeld assumed rhythm iniations 
the 
assumption measurement of the minute 
of the 
Weeker's 


with the 


rate oft aqueous secretion lo tes 


interior chat r by Goldmann 


fluorometric method 
that pha i dif 


could be 


and 
he p 


undertaken 


ferences in the flow ate demon 


strated. So tar this hope has not iterialized 
apparent cause 1s the comy 
fluor in 


tion in the anterior chamber under conditions 


tors determining the concentra 


of rising or falling ocular tension Dh 


Juorometric method to demon 


failure of the 
strate phasic variations in aqueous secretion 


should not be interpreted as evidence against 


the occurrence of such iriations 
The n 
position ibout haltw i\ 


Pheu 


as a rule, less ltered than those 


oderately evel cast occupy a 
veen the mild and 


} 
the severe cast er angi are 


rABLI 


PRECT OF DOSE 
OCULAR TENSION (Po) AND CORFFICIENT 


OUTFLOW (¢ 


SINGLI 


¢ patient a 


6:50 p.m 
7 OO p.m 
9:00am 
12:30 p.m 
12:00 noon 
9:15 a.m 


12:30 p.m 


STI 


DY OF GLAUCOMA 


TABLE 7 


ESERINE (RX 
OF FFICIENT 


of mosh 
OCULAR TENSION (I 


OUTFLOW 


SINGLI 
AND ¢ 


matient 
peatienit 


Date and Lime 


&-6-52 9:00 a.m 
8-6-52 9 
8.6.5) 1 
52 11 


‘a.m 
OO p.m 
1Sa.m 
1:15 p.m 
5) 9 00am 


group three con iderable portions ol the 


midtrabecular area having re 
mained free of synechias. The ¢ 


between 0.03 and 0.07. The facility of 


interior of 
value Are 
out 
definitely but not strikingly 
DEL (table 


| ept norm alized 


flow mmproves 


under the intluence of Thus 


the ocular tension can be 
eminormalized for long periods, usually 


for the remainder of the patient's life 


lhe es ented im the 


confirms the 


forevomg 


idence pr 


findings of earlier workers and 


glaucot clue to del 


characterize 


ration of the anterior chamber as a hypet 


an diment to 
that 


tensive state caused by 


outflow resultant from goniosynechia 


formed during the period of absence of the 


FABLE 8 


GLAUCOMA TO 
ANTERIOR 


COEFFICIENT OF OUTFLOW IN 
DELAYED RESTORATION Of 
CHAMBER 


Patient I W Negro, aged 74 vears 


iene 


vam 
pom 


10:00 a 
2 he po t eset 


10:30 a.m 


omtment 


eve 
(Same gum in Table 5) 
I’ ( 
is 0.05 
Rx 
14 0.16 
the sense 15 0.12 
| ; 
19 0.12 
ee two such in 
nthe fact 
. 
7-19 9: 9 0.04 
12: 0 06 
N re 
c 8-2 5 ; Of 
in Table 5) ).06 
10:00 am 48 0.06 
Date and Time ’ ( 
11:25 a.m 42 0.06 
29-52 4? 0 07 
29.52 Rx 9.10 T 55 0.05 
13 0.19 
30-52 13 0.21 8-9 ne 0.10 
31-52 17 0.12 
“1-52 0.14 915 on eserine 27 0.06 
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chamber. The magnitude of the impediment 
can be accurately assessed by tonography. In 
sharp contrast to chrome simple glaucoma 
where tonography reveals an diment to 
outflow invisible by gonioscopy and probably 
located well within the outflow channels, in 
glaucoma due to delayed restoration of the 
anterior chamber the impediment is clearly 
visible, the ophthalmologist, as it were, meet 
ing his enemy out in the open 
A remarkable of the 


under 


feature yvlaucoma 


discussion is its high degree of re 
The improvement in 


the 


sponsiveness to moti 


influence of cho 


of 


outtlow facility under 


inhibitors ts considerably 


the 


linesterase 


greater magnitude in glaucoma undet 


discussion than in chronic simple glaucoma 


and of almost the same magnitude as m 


early narrow-angle or closed-angle glaucoma 
Various observation recorded herein and 
particularly the complete failure of muotics 


in completely closed angles port toward the 


KRONFELD 


structures of the angle, that 1s the corne 


oscleral and uveal trabeculae, as the s1 
with a mechanism such 


\pple d 


Tries al 


action of the muotics, 
as implied in the Henderson theory 
the ivht 


forces initiated by the contracting sphincter 


to situation at hand 


or ciliary muscle may act on the trabeculae 


and imerease the permeability ot the mesh 
work 


Phe evidence presented does 


not rule out 


the possibility of an extra-angular site of 
action of the miotics 

With regard to the mechanism underlying 
tension it 


the 


the diurnal fluctuations of ocular 


is hoped that further refinements ot 


fluorometric technique will lead to more un 


equivocal findings. Having been recognized 
as a glaucoma with fairly simple mechanism 
synechial glaucoma may be expected to he Ip 
solve problems of the oeular fluid exchange 
other than its own 

904 West Adams Street (7) 
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Im the almology there 
sivnificance 


which, 


ted sone 


Is, pet 
hal 


retrolental i it 
12 veat ha 


throughout the 


today than 


pe riod al only 


hundreds of intants world; 


infants who, being healthy in all other re 


are doomed to a nor il Te span with 


vic affliction of partial ol 


~ 


total blind 


ness. It indeed a somber thought that most 


these ca ifisenl as i 


as a lite 


reflect th 


outcon 


sad ch 
bad 


retrolental 


that the 


therapeutn vholly lor 


not only have 


ented without 


the 


fibropla 


mecreasing the infant mor lity rate but 


problem has in 


vledge 


eXtensive re on 


addition alua kno which 


pro 


promise to herald mayor vivanes im ocular 


pr 


siology and pathology 


need in th to 


paper 
which 


fron of oxveen 


There will be no 


enumerate the n contributions 


the « retrolental fibroplasia ; detailed 
relterence to thes 


ilthough 


been quote | 


howe eT 


cine where 


to trace 


that 
i line oft 

iting hype roxia a 
ts final accept 


delayed 


ance ma to have been unduly 


there « until quite recently a 


rable 


to a number 
Thu 


to the 


the 

or 
yen 
that ox 
hel 


In such circumstances of divided 


tion: many thought vgen was 


causative, some even that it may 


curative 
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ASHTON 
Institute of Ophthalmology, 


London 


md 


ulation we yan our experine ntal work 


ibout two years ago 
\bout that time it was becoming clear that 
wn overgrowth of the 


cle 


yuen 


the disease tarted a 


therefore 


developing retinal ve e] we 
the 


ot 


influence 
thi 


cided to mvestigate 


upon retinal vasotormation purpose 


the kitten wa cle because the extent of 


the 


ted 


vascularization im full-term am 
weel 
baby 
isculat 
pect 
experiment 
Ashton, et al., 
1954), we 


ol 


il at birth and in the ensumy three 


pal 


becau ‘ 


to that m the 


al 


able premature 


con 


ind the mode retinal 


development 1 inilar in all other re 
In the first 
d in detail «| 


10 } 


overed a 


tew of our man 


ewhere 


Ashton and ¢ ook, 


pre 
for it wi 
days old 


vessels growing into the 


unknown effect 


found that, when kittens 


ubjected to hy 


ola 


retina 


pe roxXia, the 


were either partially or totally obliterated 


+153 


London, 

A 

* 

Fig. 1 (Ashton), Control kitten, 12 days old 

ving the three thar plexes of the normal 
le elopu ret (Injected India mounted 

ha 

reti 

| 
19 
lise |_| 
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2 (Ashton). Experimental kitten, 12 


effect ot 


Fig days 
old, 


peroxia (70 to 80 percent oxygen) 


showing five days’ continuous hy 
Apart from a 
vascular 
obliterated. The 


In lia ink 


few attenuated vessels around the disc, the 


complexes have been completely 


hyaloid unaffected. CInjected 


mounted flat; «%) 


artery 1s 


(figs. | and 2). This phenomenon is the basis 
of the pathologic events which subsequently 
occur for, when the animal is returned to au 
after several hours of oxygen exposure, the 
vessels are unable to re-open, due to intra 
vascular coagulation or adhesion of the ves 
sel walls, and the retina ts without an ack 
quate blood supply 

\ protuse and disordered neovasculariza 
tion then develops, producing a pathologi 
picture exactly analogous to the early stages 
of retrolental fibroplasia (fig. 3). 


development of the disease, 


are thus two essential phases in the 
vaso-obliteration 
in oxygen and vasoproliferation in air, and 
we have now extensively studied the features 


of these two Stages 


V ASO-OBLITERATION 


The 
judged in 


of vaso-obliteration (as 
*) 


severity 


injection preparation is m 


* It should be pointed out that the injection tech 


nique employed demonstrates the degree of perma 


ASHTON 
versely proportional to the maturity of the 


vessels and it cannot be produced 


fully 


once the 


retinal vasculature ts mature; it 1S 


directly related to the duration of exposure 
to oxygen and to the concentration of OXY 
below 35 percent have 


yen concentrations 


little or sensitive age 


the 


no effect on the most 
Thus 


animal and the extent of exposure to oxygen 


groups according to the age of 
vaso-obliteration may be partial or complete 
Later I shall describe 


subsequent phase of vasoproliferation 


how this modifies the 


The obliterative action of 


parently confined to the growing retinal ves 


oxygen 1s ap 


sels. for the other vessels of the eve show no 
such changes. Neither did we find any evi 
dence of vaso-obliteration in other injected 
organs, including the brain, of animals show 
ing total closure of the retinal vessels. Nor 
have treated animals which have been al 
lowed to survive shown any abnormality 


apart from that of the retina. This may, how 
ever, be only an expression of the fact that, 
in the full-term kitten, budding vessels in an 
open circulation are virtually confined to the 
action of oxygen on 


| he possible 


retina 
growing extraocular vessels in the develop 
ing mammalian embryo are as yet unknown, 
but it is interesting to note that closure of the 
ductus arteriosus during the transition trom 
the prenatal to the postnatal condition has 
been attribute d to the stimulus of raised oxy 
ven blood-levels on the unstriped muscle of 


1946). That vaso 
ettect 


the vessel wall ( Bareroft 


on growing 


that 


obliteration is not an 


per 


hyperoxia has no influence 


vessels is shown by our findings 


in neovascular 


zation in the rabbit cornea or in the rabbit 
ear chamber 

In order to study the process of vaso 
obliteration and to correlate our findings in 
injected retinas with events in iit Mr 
Charles Cook and I have devised a new 


limbal window technique which permits di 


nent obliteration at the moment of de | 1 
not ite the extent of t r ire oT 
retinal vesse “ h may have been present in lite 
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observa the retinal 


COpl 
in the living anu wv. 4 
foun 


his method it was 


Hyperoxia has no observable eftect 
at 


the retinal vessels of the adult « 


In the kitten immediate and delayed re 


lhe 


veTe Va 


ction seon mmediate eff 


triction and 


consists of ‘ econ 


‘ ipillary obliteration oping 


five minutes exposure 
teration 
tor 
te layed effect 


essels then 


progre 1 obl 


do s not 


ibout 


and the 


minutes and remain in th tate 


5.5 hours when the 
The 


again constrict and total vaso-oblitera 


abou 


es into ration 


con 
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\ 


pro 
that 


ASIA 


tion yradually deve lop bemny comple te 


in about eight hour Once this 1 


achieved. the circulation may be opened 
and clo ed at will imply by alternatiny 
air and oxygen 

to find 


It was particularly imteresting 


that in 


ation could not 


Vas) oblite 


when it wa 


retina epa 


duced in the 
rated from the choroid and conversely 


detachment w 


that obliterated ve reopened when 


retinal produced 


ASOPROLIFERATION 


a consideration of the 


it 


‘assing now to 


pha es is apparent 


literative 


obliter ited ve unable to 


the 


 .) 
| 
(A tol tel owing effect of er satis on peroxia 
wed by © da onde \ irization has recot menced trot the lise where there t protuse 
r ingrowth of vesse everal ers in dept on it face there i laver of corkacte’ 
proliferatic in the vitreou The patter if growt omplete abnorma (Injected India ink: 
inte flat 
essel 
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reopen because of intravascular coagulation 
or adherence of the vessel walls and this was 
confirmed in a number of experiments by 
administering anticoagulants ( Tromexan) to 
half the litters which had been exposed to 
oxygen In the test animals, the vessels re 
opened immediately the animal was trans 
ferred to air, whereas they remained oblitet 
ated in the control animals 

As | have already demonstrated, in the 
youngest animals the whole retinal vascula 
ture is entirely obliterated by high concen 
trations of oxygen for three to four days 
and on transfer to air revascularization 


commences from the disc; in older, less 


susceptible animals obliteration is partial, 
; and prolife ration then occurs from the whole 

Fig. 4 (Ashton). Shows a kitten’s eye in which 
the anterior ocular structures have been replaced 
by a glass window through which the living retinal In animals whe re the vas« ulature ts nearly 


surface of unobliterated vessels (fig 5) 


vessels may be observed microscopically, (5. ) completed, the obliteration ts only partial 


Fig. 5 (Ashton). Shows the effect of 21 days’ survival in air after partial obliteration of the retinal 
vessels in oxygen. Revascularization from the disc has not taken place but profuse vasoproliferation ha 
occurred over the whole field of unobliterated vessels and from such vessels as have reopened. Numerous 
loops and glomerular vessels are present in the vitreous on the surface of the retina. (Injected India ink ; 
mounted flat; *«9.) 
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to the same region (hg. 6 
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and peripheral ; proliferation is then confine d aa 


e phase in the 
the 


It is during this proliferat 


infant that the retina may detach and 


final picture of retrolent il fibroplasia develop 


but, for obscure reason, the kitten’s 


some 
retina does not detach in the experime ntally 
induced disease, and the subsequent develop 
ments are comparable to the regressing form 
of retrolental fibroplasia in the imtant In 
secking for an explanation for these differ 

reaction it to be called that there 


anatomiue differences between the « 


man and ot the cat, such as the presence ol 


a tapetum in the latter ; that vitreous hemor 
of the human disease 
the kitten 


that although the 


rhages are a feature 


whereas they are rarely een m 


experiments and, lastly 
the 


birth, it is not, of 


eve ot full-term kitten matures after 


cours 1 premature am 
mal in any other sense 

The late «ke velopments of the proliterative 
changes in the kitten retina are ot considera 
in which revascular! 


the 


ble interest. In animals 


commences from the di luxu 


Zation 
riant ingrowth of vessels gradually differen 
direction, mto 


tiates, in a postero-anteriot 


The 


intravitreal 
but 


arteries and veins protuse 


proliterations di teriorly, 


ippeal po 


many long convoluted va 


remamn 


at the equator, while 


persist at the periphery 
becomes 


revascularized, tl intravitreal 


iffected, and 


After about five months the retin: 
completely 


Vesscts 


disappear 
alitue cliscet 


distribut on 


the only abnorn 


abnormal 


number than normal, 


peculial 


around the there being many more im 
and corrugations in the 
retina at those sites where proliteration had 
occurred 

experiments in which animals were re 
turned to oxygen after vasoproliferation had 
been induced showed that the proliferating 
vessels, like the normal growing vessels, also 


Although it 


vasoprolife ration, 


obliterated, but to a less extent 


appeared to control the 


result of aayvs ag 
to hyperoxia at 
obliteration and the 

ontined to the 
typical glomerular 


wunted flat; 19.) 


the inevitable return to air was accompanied 


the s and th 


by an exacerbation of 


the 


proc 


as attributable to further period im 


We 


be dangerous to return cases of 


oxvgen believe. theretore, that it may 


retrolental 


fibroplasia to oxygen mecubator but this 


point necds further mvestigation especially 


contrary clinical experience 


m view ot the 
of Szewezyk (1953) 
he 


tion arise 


circumstances in which vasoprolitera 


indicate a relation hip between 
oxygen-want and yvasoformation, ©)ne might 
that the 


expect, theretore, normal develop 


ing vessels in an animal subjected to condi 
tions of low oxygen would proliferate exces 
sively. In such a way retrolental fibroplasia 
from anoxia without 


We 


completely unable to induce intravitreal vaso 


might occur previous 


oxygen exposure have. however, been 
prolife ration in animals subye cted to de grees 
of hypoxia which were so severe as barely 


to permit survival. In only one animal were 
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Fig. 6 (Ashton). Shows the 
urvival in an animal subject 
ot pe \t thi ive va 
ul equent vasopt 
peripher ! thie retin N 
tufts. (Injected India ink; 
_ 
uble are a 
vessels 
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the vessels stimulated to an excessive degree 
but they did not extend beyond their normal 
retinal boundaries. 

Our findings suggest, therefore, that low 
oxygen atmospheres consistent with survival 
are not able to induce a sufficient degree of 
retinal hypoxia in the normal developing 
eye to give rise to pathologic vasoprolifera- 
tion, and we believe that a primary anoxia is 
unlikely to be an important cause of this 
dise ase, 

There is no opportunity today to speculate 
upon the nature of the mechanisms involved 
in the two processes of vaso-obliteration and 
vasoproliferation; their final elucidation 
would appear to have far-reaching signifi 
cance in both general and ocular physiology 
and pathology. 

With regard to retrolental fibroplasia we 
that 
which since our original publication (Ash 


believe this experimental evidence, 


1953) has been confirmed by 
(1953), Patz, A. (1954), and 


ton, et al., 
Patz, et al. 


NORMAN ASHTON 


Fig. 7 (Ashton). Shows the 
progress of retinal revasculariza 
tion from the di ifter about two 
months in air. Posteriorly (below) 


vessels have differentiated imto ar 


h 


teries and veins of which there are 
more than normal. Intravitreal pro 
liferations are di ippearing im this 
area At the periphery (above) 
there is a wide band of multi 
layered vessels with numerous intra 


vitreal loops and glomerular tufts 
(Injected India ink; mounted flat; 
x11.) 


Uyllensten and Hellstrom (1954), establishes 
as certainly as biologic experimentation can, 
the etiologic role of oxygen and provides 
a concept of the mechanism whereby the dis 
order evolves. It at once explains the inci 
dence of the disease in prematurity, its re- 
striction to the eye, its relation to oxygen 
therapy, its sudden appearance as a new dis 
ease entity, and latterly its equally dramatic 
disappearance from those premature units 
where oxygen is now restricted ( Forrester, 
et al., 1954; Lanman, et al., 1954; 
et al., 1954; Locke, J. C., 1954). 


The mechanism we have demonstrated re 


Gordon, 


solves the paradox of anoxic conditions re 


sulting from high oxygen tensions, and 
reconciles the appare ntly Opposing views that 
the disease may be due to either hyperoxia 
or hypoxia; for although this is a hypoxix 
retinopathy the scene for that hypoxia is laid 
in high oxygen atmospheres 

When the exhaustive work on retrolental 


fibroplasia is reviewed, it is apparent that 


/ 


RI 


two of the main reasons why attention was 
diverted from what now appears the obvious 
first, our 


importance of oxygen were, ignor 


ance of its vaso-obliterative effect and, se« 
ond, the reported occurrence of the disease 
in infants who received little or no additional 
[kis second point has, per 


but 


oxygen at birth 
f stumbling block, it 
by no means 
it could 


haps, been the chee 
is Clear that vasoproliferation is 


a specific reaction and theoretically 


equally well arise in any circumstances of 


severe retinal anoxia, or infection, or even 


of hormonal disturbance—just as retinitis 


proliferans, a comparabl in the 


process 
mature retina, may develop in a variety of 


unrelated retinal diseases, such as central 


venous thrombosis, Kak disease, and dia 


betic retinopathy 
The importance of these other factors will 


not become apparent until the oxygen-in 


for although 
that 


duced form has been removed 
the sugye sts 


prove 


evidence so far avail: 


causes other than oxygen will rela 
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tively unimportant, sporadic forms of the 
be 


under 


uncovered as oxygen 
Should this 


f these cases will prove 


disease may well 


therapy control 


comes 
he so, the etiology o 


of the future, but we 
should not allow this group further to con 


the 


a fascinating study 


fuse main issue, which is that clinical, 


pathologic, and experimental evidence now 


demands a general recognition of the pri 


mary importance of oxygen exposure in the 


genesis of this disease 

All our efforts should now be directed to 
publicizing this fact as widely as possible in 
the hope of ensuring that oxygen will be ad 
when 


ministered to the baby only 


then 


premature 
the 
infant's survival 


1) 


essential and in minimal amount 


consistent with the 
ludd Street (WC 


showed a 
tech 


Dr. 
“lmbal 


effect of oxygen on 


end of tl ton 


demonstrating the 


At the 
cimehim 
und the vase- 


ve eis of 


i pa 
window” 
bliterative 


the kitten 


nique 
the living retinal 
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FURTHER INVESTIGATIONS ON THE ANATOMY OF THE ORIGIN 
OF THE OPHTHALMIC ARTERY 
Joser Bock, M.D 


Professor of Ophthalmology and Director of the Eye Clinic, 
University of Graz 
AND 


H. ScHWARZ-KARSTEN,* 


(faz, 


At the origin of the ophthalmic artery at 
the point where the latter leaves the internal 
carotid artery we have found, as reported m 
a previous paper,’ certain formations in the 
wall of the vessel projecting into the lumen 
in the shape of cushions or ridges from the 
intima. Also, in some sections of these cush 
ions the media has been found missing. Upon 
a close examination of the serial sections 
which we cut just at the origin of the oph 
thalmic artery it could also be observed that 
these cushions appeared to be connected in 
the shape ofa spiral 

Such findings were noted in three cases 
a premature infant, a six-year-old boy who 
died of measles followed by encephalitis, and 
a 51-year-old woman who died of uterine 
cancer 

In studying only these histologic prepara 
tions, however, the results did not give an 
exact picture as to the location of these struc 
tures, or of the position and extent of the 
intima cushions and the defects of the media 
and their relations to each other. Thus no 


clear and systematic conception of such 


formations could be gained. Moreover, we 


also found extensive arterios« lerotn defor 


mations already present in the wall of the 
vessel of the 51-year-old woman, for which 
reason any possible differences in the adult, 
as compared with the findings in the child, 
could not be clearly demonstrated 

The 


results of the investigation im the 


cases already mentioned were then 


further checked in a larger number of prep 
arations, and we tried to give a more detailed 


* From the Institute of Anatomy (Director, Prof 
Dr. A. Hafferl), University of Graz 
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explanation as to the position of these for 


mations. Such a detailed description may 


also supply the basis for future explanations 


concerning the function of such structures 


within the vessel 


In addition to the study of these three 
cases, which supplied the basis for our first 
information, further imvestigations were 
carried out upon the same part of the vessel 
This time we examined four children—aged 
one and one-half, two, seven, and eight years 

as well as four adult persons, 21, 28, 53, 
a total of 11 


and 62 years of age, making 


cases for investigation 

The arteries were « xamined with the sur 
rounding tissues, particularly the dura mater, 
and fixed in formol or formol-alcohol, or 
according to Romeis,* and then immediately 
some of these 


embedded in celloidin. In 


cases, the internal carotid artery and the 


junction of the ophthalmic were exposed 
before embedding in celloidin or paraffin 
All these preparations were cut in complete 
serial sections, and wax-plate models were 


made of two of these series, using the 
method of plate re produc thon 

The internal carotid artery perforates the 
dura mater in passing upward from the 
cavernous sinus, then turns slightly laterally 
and backward before continuing to the brain 
The ophthalmic artery branches off from 
the frontal and medial aspect of the internal 
carotid artery immediately after it has passed 
the cavernous sinus and perforated the dura 
mater. 

The ophthalmic artery then leaves the in 
ternal carotid artery, passing laterally and 


basally so that a sharp angle is formed at 


ORIGIN OF 


the point where the ophthalmic artery 


leaves the carotid, while in the medial aspect 


the transition is rather flat as may be seen 


in Figure 1, the reproduction of a section 


prepared after fixation of the vessel im situ 
and after removing the cavernous sinus 
Histolog 


thickening of the intima at this point. The 


examination reveals striking 


serial sections cut through the origin of the 
right ophthalmic artery in the six-year old 


boy (who died of measles ind encephalitis ) 


were stained with hematoxylin-eosin, while 
the sections through the origin of the left 
ophthalmic artery were stained with Wei 
gert’s resorcinol-fuchsin to prove the pres 
ence of elasti fibers 

In one of the sagittal sections already 


mentioned, which had been made through 


the origin of the right ophthalmic artery in 


its lateral part, a large basal cushion was 
observed in the intima, forming there a big 
bulge or prominence. Two slightly smaller 
cushions could also ln een opposite in the 


2 ) he se 


smooth 


parietal section of the wall (fig 


intima cushions are composed of 


muscular fibers; however, to a great extent 


the y are also made up of elastic tissue (hig 


? 


The internal elastic lamina is spht up im 


this region, forming numerous fine lamellas 


and fibers which are interwoven with each 


other and between which the bands of 


smooth muscular fibers are situated, Facing 
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Fig. 1 (Bock and Schwarz-Karsten). Origm ot 
the left ophthalmic artet viewed from a lateral 
ispect after the cavernou nus was removed, (Re 
produced from a preparation fixed in situ by the 
kind permission of | I Bergman publi her, 


Munich. ) 


the lumen of the vessel and at the outside 
we found these tissues bordered by a clearly 
visible elastic membrane. In the basal cush 
ion the media narrows in a wedgelike man 
ner and is completely missing in a wide 
area. A but 
defect of the 


parietal slice. Such cushions appear regularly 


similar, considerably smallet 


media is to be found on the 


in all the cases we investigated 


2 (Rock and Schwarz 
Karsten ) Longitudinal section 
through the right ophthalmic at 
ter where it branches off trom 
artery. 


the internal carotid 
| Romeis fixation, he 


matoxylin-eosin, BO.) 


= \ 
> 
Y) 
Gy), 
4, 
= 
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$ (Boel and S warz 
Karsten) Longitudinal 
through the left ophthalmic artery 
where it branches fror the internal 


carotid artery. (Six-vyear-old boy 


Romeis fixation, re reu tu su 


In examining our serial sections, we could — sections that had been cut in a sagittal di 


find connections between the parietal intima — rection through the origin of the right oph 


cushions and the basal prominence, follow thalmic artery in a two-year-old girl. To 
img the lateral wall in such a way that the make possible a closer study of the relief of 
parietal cushions were connected with the the inner wall of the artery it was found 
basal cushions. They also extended beyond necessary to divide the model into two se 
the medial circumference of the lumen tions by means of a sagittal cut (fig. 4) 
Since a clearer conception as to the extent In the medial wall, at the origin of the 


and shape of these formations within the ophthalmic artery, a cushion may be seen 


vessel could be demonstrated by a plastic arising and rapidly gaining in size. This 


reproduction of the origin of the vessel, we cushion continues in a lateral and parietal 


constructed a model 200 times the original direction passing the basal circumference of 


size, using wax plates and representing serial the junction, thus almost encircling the 


Fig. 4 (Bock and Schwarz-Karsten). Wax-model reproduction of the origin of the 
right ophthalmic artery. (Two-year-old girl, « 200.) 


PF x 75.) 
\ 
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oft the ophthaln ‘ irtery;: if becomes 


flatter and wider at the parietal surtace 


rom that point it continues into the 
medial wall of the nternal carotid artery 
where it gradually fack iwa\ Between the 
two ends of the formation, however, there 
remains a slight groove, because one end 


situated more toward the basal portion while 


the other 1s more toward the parietal portion 


wall of the ve el 


in the medial part of the 
\s this 


ridge of a screw it will hereafter be 


formed like the piral 


called 


cushion 1s 


the “spiral cushion.’ 


\t the pomt where thi piral cushion i 
thickest, that is in its basal and lateral part 
there arises a second ridge or cushion which 


runs almost vertically, first to the lower and 


lateral circumference of the ophthalmic ar 


then coursing forward to where itt 


tery 


gradually away. This second cushion 


vill be referred to as the “ophthalmic cush 


ion,” 


On the cut surface of our model the 


media, which seemed to be issing in his 


tologic preparations, hes in the basal region 


of the cushion. Gaining in size, this structure 


continues from the cut surface laterally 


along the spiral cushion and fades away after 
running for a short distance into the parietal 
wall of the vessel junction 

Similar characteristics could be recognized 


second model. a hundred times the 


in a 


original Size, which reproduced horizontal 


rial sectpon placed through the if origin 


of the vessel taken from a 28-year-old 


Wornan who had ched at leukemia (on the 


whol the position of the mtiuna cushion 


in this model corresponds with that found in 
the first reproduet on, the only difference 
bemy that the end of the piral cushion 


were lightly farther econd 


model 


apart om the 


o that a larger area of the medial wall 


of the internal carotid artery remained 
mooth. It must be stated, however, that the 
wall of both the internal carotid artery and 


ophthalmic artery in this person howed ex 


tensive artertoscleroth deformations with 


calonun depo if (on the ba ot our pre ent 


investigation therefore it cannot yet be 


decided whether the difference a compared 
child, may 


wall of the 


with the conditions found in the 


be traced to deformation im the 


vessel or whether they are characteristic in 


adult persons 


I he direction of the smooth muscular 


fibers in the intima cushions was further 


investigated by means of serial sections and 


the results were then transferred to. the 


model, It now became apparent, as shown in 
the diagrammati drawing (hig 5), that, in 
general, two lines of direction were present 
They correspond with the position ot both 
cushions 

muscle fibers follows the 


ne group ot 


IJOSEF BOCK AND H 
course of the spiral cushion which, twisting 
like a screw, encircles the origin of the oph 
The second group of muscle 


thalmic artery 


fibers takes an almost transverse direction, 


crossing the first. They start in the lateral 
and basal section of the spiral cushion and 
follow the same direction as that taken by 
the intima cushion which is then drawing 


into the ophthalmic artery 

the 
the 
the 


found that 
the 
The 


seen to change their course 


the 


points of ne we 


usually fibers of second group ran 


toward lumen fibers were nevet 
from one direc 
\t two points, however, 
fibers of the 


One of 


thon to othe 
media 


these 


we observed muscular 
the 


places was at the parietal end of the spiral 


entering intima cushion 


cushion, while the second was situated in its 
lateral and basal section close to the begin 
ning of the fiber band which was spreading 
out into the ophthalmic cushion. 

The twisting course of the spiral cushion 
together with its muscular fibers, situated in 
the area of the origin of the ophthalmic ar 
tery, rightly suggests that this arrangement 
within the vessel may have an influence upon 
the the 
blood pressure, and especially upon the pres 
The fact that 


blood stream, possibly also upon 


sure in the ophthalmic artery 


the ophthalmic cushion ts connected with 


the spiral cushion just opposite to where 
the 


such an 


the muscular fibers of the media enter 


intima cushion further supports 


explanation Moreover, additional evidence 
in favor of this explanation is found in the 
fact that the parietal end of the spiral cush 


ion is firmly connected with the wall of the 
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vessel by muscular fibers entering it 
the media 

Such formations already 
different 


and special reference ts made to 


scribed in animals 


man, 
Vonken,* and Wr 


findings of lorbus 


land,’ ali of whom investigated the ve 

at the base of the brain in man, These au 
thors have found that, where branches leave 
the circle of Willis, certain defects im the 


the 


co 


media and cushion shaped swell ny ol 
intima may regularly be seen, as we 
demonstrate at the origin of the ophthalmu 
artery 


In referring to previous research finding 


Wagenvoort’ points out that most of the 
investigators agree that this arrangement 
within the vessels may serve to throttle the 


blood flow. The fact that the of the 


origin of the ophthalmic artery show spirally 


pr tures 


shaped cushions with smooth muss ular fibers 


and elastic tissues also suggests such an as 


sumption, as do also the investigations which 
showed, immediately following encephalogra 
phy, a striking three-phased fluctuation in 
the pressure of the central artery.’ However, 


considering only our anatomic findings, tt 


must be emphasized that, as yet, no detinite 


conclusion may be drawn as to the function 
of the 


Only further study will determine to what 


anatomic picture investigated here 


extent the blood supply of the eve and there 


fore the pressure in the central retinal ar 


tery may be affected by the muscular at 
rangement described here 
ye 
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The 


implante d into the 


autologous epithelial tissue 
of 


fate of 


anterior chamber 1s 
considerable interest to the ophthalmologist, 
for the formation of epithelial cysts within 


the eye following penetrating injuries and 


the development of epithelization ot the 
anterior chamber following cataract extrac 
tion are frequently major calamities Vhe 
subject is also of pos ible nterest to the 
histopathologist, for it might be expected to 
provide information on the interaction of 
tissues which, although autologous, are not 
mally foreign to each other 

The present set of experiments was im 


tended simply to reveal the course of events 


resulting from implantation of tree pieces of 
conjunctiva mto the chamber and 
possibly to provide an experi ental model 


for the study of factors that might influence 
the growth of conjunctival epithelium in the 
anterior chamber Th not a new pro 
cedure, nor a novel am for pieces of con 
junctiva and flap ot conypunet und cornea 


have been implanted nto the anterior cham 


ber j* riodically for many yeat 

Lhe present results are bein reported 
here. however, because no one seems to have 
emphasized what appears to be their most 
curious feature, namely that the epithelium 
extends over the iris rapidly during the first 


few days after the implantation and then re 


mains stationary, neither rowlg nor re 
ceding, for the rest of the life of the animal 
Except for Hosch who pictured similar 


results as found in the present experiments, 


ny have been more con 


estivators 
the 
cysts within the iris and the epithelization 


cle d 


appearance ot 


previous 


cerned with development of epithelial 


Some have cribe 


along track wounds 


resolution and eventual 
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OF CONJUNCTIVA INTO 

R CHAMBER 

an, M.D 

arch: Director, Howe Laboratory of 


School and the Massachusetts 
Infirmary 


ichusetts 


the has successfully induced 


in epithelization comparable to that which 


implant; mone 
occurs in human beings atter cataract extrac 


tion ( Theobald and Haas') 


PROCEDURI 


of rabbit conjunctiva, measuring 


Pieces 
t diameters, 


of the 


in their longe 
the 


four to eight mm 


were excised from upper part 


vlobe and implanted into the anterior cham 
‘ The implantation was 
the 


conjunctiva 


ber of the same ye 


Incision neal 


ot 


made through a keratoni 


limbus, and the 


entry by strol ng the surface of 


upper piece 


was coaxed into a position away from the 


wound of 
Some of the rabbits were heparin 

pro ol 
rabbit ) 


the cornea 

dl 

heparin 2 
\dult 


nent 


to the edure (cirea mil 


| 


rabbits 


i7¢ 


pt wort 


Te 


were used exper 


ilbineos used, but 


that 


ta tew 


vident the implant 


viter 


be visualized bettes ented rab 


iti il 


bits. chinchillas were used exclusively. x 


were pel formed on approximate ly 
hue 


exct 


periment 


M) eye sole anesthesia was topical 


pontocaine pt where special procedures 


were en then nembutal was used as 


ployed ; 


lhe eyes were observed at intervals of 


eral days, and selected rabbits were killed 


t for histologic examination 


fixed in Zenker’s 


it different times 


lhe 


olution, and the anterior segments, usually 


enucleated eyes were 


dade d i 


All 


hematoxylin 


exclusive of the lens, were 


paraifiin for routine secthoning spec 


were stamed with and 


mens 
sin 
studies, selected were 


X-irradiation 


implantation of 


bor spect eves 


to multiple para 


ol 


subye cted 
cond 


centeses pieces 


At firs 
it be 

= 
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Fig. 1 (Cogan). Conjunctival implant placed in the anterior chamber 11 mont previously. Notewo 
is the white mass (A) at the lower angle of the chamber (not to be confused with the light reflex w 
overlies the pupillary margin) and the translucent membrane (B) extending out from the white ma 
There is a strand of pigment overlying the white mass: this resulted from a rotation the mass in the 
early days of the imp inftation; there is also some increase in pigme Ww the e edge ‘ 
membrane. Although the white mass had decreased to approximately one lf it ize, the 
translucent membrane had not changed since the initial few weeks of the implant; nor did it change 
the subsequent year of observation 
conjunctiva (secondary mnplant), and injury anterior chamber adjacent to, but not in 


with partial removal of the lens. For the 
irradiation study, rabbits were selected which 
had similar implants in both eyes, The eye 
to be irradiated was photographed and then 
subjected to 750 to 825 r X ray (200 kv, 
energy ) 

For the paracentesis study, an eye was se 


been dormant for several months. A photo 


lected which had an unplant that had 
graph was then made and paracenteses were 
done on approximately alternate days for one 
month, 

For the secondary implants, eyes were se 
lected which had dormant implants and a se« 


ond piece of conjunctiva was placed in the 


contact with, the initial implant 

lor the experiments with lens injury, the 
anterior capsule of the lens was partially ex 
the 


gated out as was practicable through a small 


cised and much of lens cortex irri 


as 
keratome incision 

Che rationale of the foregoing variations 
was based on clinical observations in cases 
chamber 


of epithelization of the anterior 


in human beings. The amount of X-irradia 
tion used was similar to that given thera 


peutically to human beings. The paracenteses 
were done to induce a plasmoid aqueous such 
as is the rule with clinical epithelization 


Secondary implants were done to evaluate 
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piece ot 


wn). Same eve as in Figure 1. Picture taken three days after a second and large 
I lant ndary unplant 


} 


er near the 


nd are probably 


brane surrounding 


grew most membrane appea to grow several milli 


rapidly during the first few day and it meters over the adjacent iris (fig. 1). Within 


the observation that the 


seemed possible that a rowth factor might the first week, but occasionally not tor sev 


be derived from a fresh piece of conjunctiva 


that would be evident u nitial implant with tiny hemorrhages which resembled 


Ktraction thrombosed vessels (fig. 2) 


Within the next few weeks these hemor 


eral weeks, the white ma became riddled 


The lens injury and | 


ments were prompted by the known associa 


tron oft epithelization cataract extrac rhayes di appeared and were replaced by 


tions fine vessels containing circulating blood. The 
mass further shrank and at times disap 
peared completely leaving only the translu 
a. GROSS AND BIOMICROSCOPIC CHANGES cent membrane. Especially noteworthy was 


A conjunctival implant placed in the ant the fact that the membrane surrounding the 


rior chamber appeared first as a small white white mass showed signs of 
anterior chamber re during the first few days; it then remained 


growth only 


mass which, as_ the 
formed, adhered to the surface of the iris stationary, showing neither growth nor re 
Within tbe first few days the white mass gression for the entire period of observation, 


shrank to some extent while a translucent which in several cases was three years 


2 4 r 
> 
conjunctiva had 
emarrhage the e thrombosed blood vessels. The translucent men 
the se ndary ti et wie it ppearance 
4 


1168 DAVID G 


COGAN 


3A (Cogan) 
Noteworthy 1 
tion of stroma with considerable lymphocytic 


big 


weeks previously the presery m of 


Ihe iris showed little reaction. Some new 


vessels developed im the superte ial stroma, 
visible in albino rabbits; and some increas« 
in pigmentation, evident in gray rabbits, 0 
curred beneath the implant, but neither of 
these was marked and both were often 
absent 

the 


to the posterior surface of the cornea as well 


(Occasionally implant attached itself 


as to the iris. The implant then bridged the 


anterior chamber or, with shrinkage, split 
into two portions, attached to the cornea and 
iris respectively. Rarely a cyst developed in 
the translucent membrane or within the iris 
this usually occurred only after the implant 
had been in the anterior chamber for several 
months 

On one occasion the implant attached itself 
to the but at 


from this implant 


lens retained first a vascular 


connection with the iris; 
a translucent membrane extended several 
millimeters over the surface of the adjacent 
iris. When subsequently the connection with 
the iris became disrupted the main mass in 
front of the lens disappeared, but the trans 
membrane 


lucent remained intact through 


out the subsequent life of the animal. U 
of heparin at the time of the implant did not 


Portion of a conjunctival implant which 
ath 


infiltration 


had been placed in the anterior chamber six 
lant goblet cells and presetva 


16) 


epithelium with abun 


(Ocular, 10; objective, 
alter the course of events 


Radiation of six eyes with 750 to 825 1 
produced no significant change in the mass 
or translucent membrane during a six-month 


The 


showed toward the end of this period the 


pe riod of observation lenses, however, 
granular opacities along the posterior suture 


line as is characteristic of irradiation 
Paracenteses done every other day for one 
month in three rabbits showed no change in 
the implant over an observation pe riod of at 
least three months 
Secondary implants of large pieces of con 


imitial in 


junctiva showed no effect on the 
plant in three rabbits observed for two weeks 
(fig. 2) 

Injury and partial removal of the lens re 
sulted in no increase in size of the implant 


in two cases observed over two vears 


b CHANGES 


The following series of histologic changes 
occurred in the typical cases 
Within the first few days the epithelium 


appeared to extend over the surface of the 


adjacent iris for a distance of several milli 


meters, forming a multilayered membrane 


similar to that of normal conjunctival epi 


= 


IMPLANTS OF 


thelium. It showed well-formed goblet cells 


and no unusual evidence of mitoti 


There 


epithelium to the tris 


activity 
however, no attachment of the 


compact 


Was, 
stroma oft the 
implant becann and 


did 
different 


cosine 


appr cl 


conjunctiva 


philu but otherwise look 


not 


ably from normal 


Blood vessels containing serum but devoid 


of cells were present, some with normal 


appearing endothelium and some with endo 
thelium that appeared to be separating from 


the outer walls. There were no hemorrhages 


or infiltration during these first few days 


Subsequently multiple hemorrhages ap 


peared throughout the implanted stroma a 


companied by neovas ilogenesis Specimens 


removed one month after the implant showed 


new vessels which had penetrated the con 
junctival stroma from the iris. Here the con 


junctival stroma appeare d healthy, but in the 


portions away from the junction with the irts 


there was moderate karyorrhexis and lo 


of eosinophilic stain. The epithelium had not 


extended farther than it had during the first 


few days, and there was as yet no appreci 


able infiltration of the stroma 


weel time there was an 


rom about six 


infiltration of the stron vith mphocyt 


Fig Lys 


implant 


showing the end 
closing a mass of lympl 


tive, 4). 


objec 


CONJUNCTIVA 


which 
four 


njyunctival implant 


her 


imiularity ot 
the ibsence of 


n the iris, and the ex 


he epitheliut (but not the stroma) tor 


illameters ov the urtace of the 


tive, 24) 


iris 


everal 1 
(Ocular, 10; objec 


stroma and in tissue 


these clefts 


free im the 


3A) 


lined with endothelium and probably repre 


occurring 


cletts (hg Rarely were 
ented lymph vessels, but the endothelium of 
these vessels was less conspicuous than that 
3B) 
ippearance ot the implant at this stage 


that of a mildly 


sumilar size 


img 
Ihe 


ind in subsequent sti 


capillaries of (hg 
ipe Wa 
inflamed conjunctiva, This lymphocytic infil 


tration was the more striking because there 


vas none of it in the iris stroma even when 
marked in the adjacent conjunctival 
implant 
By the third month the hemorrhages had 
disappeared, and the implant had approxi 


blood 
What part of these, if 


its normal amount of vessels 
1A 413) 


were original vessels and what part had 


from the 


mately 


(figs and 


come iris could not be dete rmined 


From then on, there was no. significant 


change. The stroma became slightly denser, 
as indicated by 
the 


increased eosinophilia, and 


lymphocyto is may have increased, but 


this was variable. The epithelium remained 


a multilayered membrane and showed no fur 


+169 
Ltt 
Fig. 4A (Cogan). Com 
> 
£ ew 
ye 
he 
“vessel” of another 
ses 
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Fig. 4B (Cogan). Higher magnification showing 
termination of epithelium on the iris (Ocular, 10; 


~ 


objective, 16) 


ther tendency to grow, after the first few 
days, and rarely any tendency to regress. It 
did not to the 
underlying iris tissue but often did develop 
projections that the crypts 
of the iris simulating rete pegs in skin (fig 


form any firm attachment 


extended into 


been 
had ex 


had 


pigment 


the which im 
planted the longest some 
tended from the iris into the epithelium and 


In specimens 


was probably being phagocytosed 
lium which had extended over the lens was, 
by contrast with that over the iris, an at 
tenuated membrane consisting of no more 
than two to three cells in thickness and al 


ways had some underlying stroma. 


Fig. 5 (Cogan). Portion of 


Photograph taken to show extension of epithelium over surface of iris 


iris crypts, absence of any appreciable reaction on 


epithelium (Ocular, 10; objective, 16) 


m epithelial implant placed in the anterior chamber 14 m 
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With implants placed in the angle of the 
the epithelium had ex 
the 


anterior chamber 


tended over the surface of iris without 


underlying stroma, but never did it extend 
cormea except 


the back surface of the 


in the presence of subadjacent conjunctival 


overt 


stroma. Implants which had accidentally ad 
hered to the posterior surface of the cornea 
without attachment to the iris preserved the 
stroma but lost all epithelium 

The iris stroma underlying the implants 
showed slight but consistent changes begin 
ning about one month after the implant. The 
adjacent stroma became somewhat denset 
as indicated by increased eosinophilia, and 
in all but albino rabbits there was slight in 
crease in pigmentation of the iris underlying 
increased pigmentation ox 


the 


the implant 


curred not only beneath conjunctival 


stroma but beneath the epithelium at some 
distance from the stroma 

In several specimens epithelial cysts o 
curred within the iris stroma (fig. 6) and 
once behind the in the ciliary body, 
the had 


nothing in the technical procedure of these 


iris, and 


in chamber. There been 


posterior 
cases which differed from that in which the 
epithelium had extended over the surface of 
the 
cyst formation and superficial spread over 


iris. Indeed, in several cases both the 


previously 
into the 


within the 


insintiation ot ef 


the part of the iris, and some pig 


1170 
= 
— 


IMPI 


the iris occurred in the same cca 


sionally cysts could he seen to ck velop se 


ondary to the downgrowth of epithelium 


into the crypts of the tris 


COMMENTS 


By comparison of the briomu roscopi and 


vas apparent that 
illed the 


histologi 


appearances 


that port on which had been « white 


mctival 


had been ( illed 


nass of the implant was co stroma 


and that that portion 


translucent membrane was simply epithe 


lium extending out from the maim mass ove! 


the surface of the tris 


Phe extent of the epithelial membrane and 


the fact that it was devoid of any under 
im area supye sted 


the that 


vithin the first 


lying stroma over » wick 


an active growth proce but fact 


this extension occurred only 


few days and was unaccompamied by any 


unusual mitotic activity made it seem un 


it Was an growth proces 


uch 


in exten 


cribed for 


was on by sliding 


n «le corneal epithe 
when 


Vet 


cle ve lopme nt ot pigme nit phago Vtosti 


lum and such observed 


corneal 


the 


showed 


buttons are incubated in vivo.° 
late 
only viable 


above 


that the cell were not 


but capable of activities ovet ind their 


maintenance requireme nt 


Phe epithelium varies thickness ac 


cording to the vascularity its substrate 


cell 
imilar to normal conjunctival 
the 
did 


ver the iris it numbered five or more 


thick 
epitheliun 


and Wa 


the | or ove; 


ove 


posterior urtace it either 


not extend at 


laver or two. This sugy d that a vascular 


itthough not inily conjun 


substr ite 


tival stroma, was for the mainte 


nance of a 


\t no ti 


ittachment to the iris. R 


any 


ippe ired to 
be merely juxtaposed to the ris surface fol 
ind send 


the 


lowing the contour of the surtace 


ing prolongations of epithelium into 


clefts of the iris without evidence of tissur 


bridges 


ANTS OF 


CONJUNCTIVA 


hal cyst wit 


lar, 10: objec 4) 


In contrast to the epithelium, the con 


junctival stroma tended to shrink with time 


It maintained its natural propensity to lym 
phocytic infiltration and lymph vessel forma 
troma was 
\lso un 


stroma 


tion even when the adjacent iris 


uch reaction or ve sels 


ive in the anterior chamber 


tree oft 
like 
] 


were ible to sury 


any 


epithelium portions of 


(on the posterior surtace of the cornea) 


without any direct blood supply 


he epithe hal membrane on the surface of 


1 


the in a striking resemblance to the 


bore 
found with epithelization of the 


chamber 


ithe 
anterior even to 


the 
of the 


in human being 
a bulbous tip 
(ther 
the 


extent of showing, often 
apparent ad 


In no case Wa 


incing margin 


than this differences outweighed 
continued 
bac k 


occurs in 
that 


siiarities there 


growth nor was there extension on the 


of the as so regularly 


human case (ine must state, theretore, 


iltthough the epithelium of the implant sur 


vives and can be used for studying epithe 


lium in the anterior chamber, it does not 


corre spond to the epithe lization of the ante 
in human beings, and only in 
the 


een m human bn ngs 


chaml 


doe if 


rior 


frequently produce epithelial 


cysts such as are 


SUMMARY AND (CONCLUSION 


\utologous conjunctival implants placed 


in the anterior chamber of rabbits showed 


171 
vay 
3 
Fig. 6 (Cogan). in the iris 
likely that 
— 
did the epithliu: — 
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an apparent growth or extension of epithe- 
lium over the surface of the iris only within 
the first 10 days. The epithelial membrane 
then usually remained dormant for the life 
of the signs neither of 
growth nor The conjunctival 
stroma, on the other hand, showed partial 


animal, showing 


regression 


resolution and eventually became canalized 
by blood and lymph vessels 

The living epithelium required a vascular 
substrate for but did not 
form any tissue connection with this sub 


its preservation 


strate, Occasionally cysts formed in the iris 


with or without an epithelial membrane on 


the anterior surface of the iris. Thus the 


epithelial membrane and the cysts bore a 


ally 


COGAN 


striking similarity to that which is occasion- 
found in human beings, but the mem 
brane lacked the growth pote ntials seen with 
the chamber in 


epithelization of anterior 


human eyes 

Irradiation with amounts and energy of 
X rays similar to that used in the treatment 
of epithelization of the anterior chamber in 
human beings was without effect on the epi 
thelial Nor effect in 
duced by having a plasmoid aqueous (Tre 


peated paracenteses ), lens injury and partial 


membrane was any 


implanting additional 
the 


lens removal, or by 


pieces Of conjunctiva’ into anterior 


chamber 
243 ( harl; s Street (14) 
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NUTRITIONAL AMBLYOPIA 
\ STUDY OF AMERICAN PRISONERS OF WAR IN KOREA 
Joun H. Kine, Jr., Cor. (MC), U.S.A 


Chief, Ophthalmology Service, 


Walter Reed Army Hospital, and Director, 


Ocular Research Unit, Walter Reed Army Medical Center 


AND 
ack W. Passmore,* Lieut. Cor. (MC), U.S.A 
Washington, D) 


with re 


The 


ports of amblyopia resulting from malnutri 


medical literature is replete 


tion. Causative factors have been listed as 
multiple but the site of the pathology has 
not been definitely determined 

This paper presents the results of a de 
tailed study made on 22 soldiers from the 


Korean War who suffered from amblyopia 
following their incarceration as prisoners of 
war. Electroretinographic investigations im 


this condition, not previously performed by 


other authors, are included in the studies 
probable causes and the presumptive 
ite of involvement are noted 

SACKGROUND HISTORY 


\n early account of nutritional amblyopia 


and the first European description of beri 


beri were given by Bontius in 1642.) He 
spoke of diminished vision and blindness 
with optic-nerve involvement in the rice 

eating inhabitants of Amboina and the 
Molucean Islands, The condition has been 
world wide in its occurrence and has been 
reported from Germany,’ Spain,” Greece 


Islands 


wars 


ligypt, India,* and the Philippin 


Its prevalence after Tariine ind Is 


noteworthy. A review of the literature on 
nutritional amblyopia following World War 
| was reported by Obal* who observed simi 
lar cases in Berlin after World War II 
Amblyopia among prisoners held by the 
Japanese during World War II reached a 
ind reports on these prisoners 


tragic hgure 


emanated from England Canada,"* Aus 
tralia.’* the United States,” and other 

* Assistant Direct cular Researcl Unit 
Walter Reed Army Medical Cente 


countries These patients had been con 
fined in filthy prisons, subsisting on starva 
tion diets, and were affected by a host of 
diseases including dysentery, beriberi, pel 
layra, and malaria. Deaths among Japanese 
held prisoners rose to four times the normal 
death the first two years after the 
prisoners liberated. The death rate ot 


those held prisoner in Europe was normal 


rate im 


were 


KOREA 


Kellett 952 United 


Kingdom troops repatriated in Korea who 


reported on 05 of 


were referred for ophthalmologic examina 
tion. Sixty-two of these had been captured 
between November, 1950, and April, 1951. 
Bilateral in 


eight patients and unilateral central or para 


central scotomas were present 


central scotomas were present in six, Fundus 
findings included optic dises that were redder 
than normal, blurred dise margins, pigmen 
tary changes on the temporal margin of the 
and a “smudgy” appearance of the 


discs. 
maculas. These findings were noted in some 
patients with normal vision as well as in the 
patients with scotomas, suggesting ¢ arlier in 
The condition w 


as 


volvement with recovery 
attributed to vitamin-}}, deficiency with the 
probable site of involvement in the retina 
There 3,745 
repatriated the 
camps in Korea. In the spring of 1953, 149 
who had been evaluated by their 
captors the ill, 
leased in what was termed “Operation Little 


were American servicemen 


communist prison 


from 


prisoners, 


as most seriously were re 


Switch.” The remainder were repatriated in 


\ugust and S« ptember 1953, in “¢ Iperation 


Big Switch” after hostilities had ceased. Pre 
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TABLE 1 


Histories OF 22 AMERICAN PRISONERS OF WAR IN KOREA WITH NUTRITIONAL AMBLYOPIA 


Pounds 


Capture Onset . 
a Length pom auring ap Ivity on Melease I one 
1 21 Dec. 1950 Dec, 1952 Beriberi, bloody diarrhea, frozen None 10 + 
N 29 mo Gradual toes amputated 
2 25 Nov. 1950 Jan. 1952 Diarrhea, jaundice, cheilosis, red None 18 
W 44 mo 1 week tongue, scaly skin 
i] 25 Jan. 1952 Oct, 1952 Loose stools, burning sensation \. lumbricoides 11 
W 20 mo 1 week of eyes 
4 27 —s Apr. 1951 Feb. 1952 Beriberi, bloody diarrhea, ap G. intestinalis 35 
W 28 mo Gradual pendectomy 
5 $5 Apr. 1951 Jan. 1952 Beriberi, dysentery, gingivitis A lumbricoides, $1 
W 28 mo Gradual E.. histolytica, 
nana 
6 “4 Nov. 1950 Oct. 1951 Beriberi, diarrhea, boneache A. lumbricoides, 0 
W $4 mos Gradual histolytica 
nana 
7 26 Nov. 1950 Dec, 1951 Diarrhea, hyperkeratosis about \. lumbricoides 20 
N 43 mo Few days scrotum 
x 23 Sept. 1951 Apr. 1952 Beriberi, diarrhea, hearing loss None 54 
W 24 mo Gradual 
9 $5 Nov. 1950 Dec. 1951 Beriberi, dysentery None 40 
W $4 mo Gradual 8 eosinophils 
10 23 Dec. 1950 Dec, 1951 Beriberi, diarrhea, nightblind- Passed round worms 27 
W 43 mo Gradual ness, photophobia, headaches in stools 
il 1950) Sept. 1951 Beriberi, diarrhea, confusion, None 15 
N 42 mo Gradual headaches 
12 22 Jan. 1951 Dec. 1951 Bloody diarrhea one month, \. lumbricoides 20 
W $1 mo Gradual lower abdominal cramps I. trichiura 
13 21 Nov. 1950 Mid 1951 Beriberi, diarrhea, malaria Ancylostomiasis 7 
W 44 mo Gradual 
14 23 Nov. 1950 Jan. 195? Beriberi, bloody diarrhea, bled E.. histolytica 25 
N M4 mo Few days from gums FE. nana 
15 21 Jan. 1951 Nov. 1951 Bloody diarrhea, hearing loss None ”) 
W $1 mo Gradual 
16 22 Oct. 1950 Oct. 1951 Dysentery, peripheral neuropa Unknown 70 
W 10 mo Cradual thies, hearing and voice loss, atro 
phy of tongue papillae 
17 27 Feb, 1951 Oct. 1951 Beriberi, diarrhea bleeding \. lumbricoides, 50 
W 10 mo Gradual gums, night blindness Spring E.. histolytica, 
1953 1. trichiura 
18 21 Dec. 1950 Nov. 1951 Diarrhea, peripheral neuropa \. lumbricoides 22 
W 29 mo Gradual thies, aching of legs 
19 41 Dec, 1950 Apr. 1951 Diarrhea, numb all over May E.. histolytica 26 
WW 43 mo 1951, tongue, lips and gums bled 
20 22 Nov. 1950 Nov. 1951 Stomach distress, frequent head E. histolytica 32 
$3 mo Gradual aches I. trichiura 
21 22 \pr. 1951 Apr. 1952 Dysentery, pain and numbness \. lumbricoides 40 
Ww 28 mo Gradual of feet and toes 
22 40 Apr. 1951 Unknown Nightblindness mid-1951 None 15 


W 28 mo. 
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liminary examinations revealed 40 patients 
‘Littl 
Malnu 


was present in 68 


with unspecified eye disabilities from 
Switch” and 93 from “Big Switch 

trition, Grades II and II] 
of those in the first group and in 612 of the 
last 


from the first group suffered diseases which 


group released. Sixty-seven patients 


were thoroughly studied immediately follow 
ing repatriation. 
PRESENT INVESTIGATION 
Twenty-two patients who suffered from 
nutritional amblyopia were referred to us 


for study. Three of these 


were prisoners 
released during “Operation Little Switch’ 
and 19 were from “Operation Big Switch.” 


This select 


group, for, with few exceptions, the ambly 


series probably represents a 


opia was irreversible and the condition was 


felt to be in a chronic stage. except for the 
history of visual loss, the early ocular find 
ings in these patients are not known; how 
ever, earlier stages of the disease have been 


reported by observers in other series of 


cases.*! Visual 


normal at the time 


simular acuity in the 
patients in this series was 
of induction into the service. Table 1 


22 patients 


sum 
marizes the histories of these 
FACTORS IN Hl 


IMPORTANT TORIES 


a. TIME OF CAPTURI 


were 


The majority of the men in our series 
hostilities 


course of 


captured early the 


and most of them were taken prisoner be 


TABLE 2 


TIME OF CAPTURE AND LENGTH OF CAPTIVITY 
FOR 22 AMERICAN PRISONERS OF WAR IN 
KOREA WITH NUTRITIONAL AMBLYOPIA 


Capture Release 
Oct. 1950 1 April 1953 
Nov. 1950 7 (Operation Little Switch 
Dec. 1950 5 + Cases 
Jan. 1951 3 Average: 29 Months 
Feb. 1951 ! 
\pr. 1951 \ugust-September 1953 
Sept. 1951 1 Operation Big Switch 


19 Cases 
\verage: 30.5 Months 


rABLE 3 


AMERICAN PRISONERS 
AMBLYOPIA 


ONSET OF VISUAL LOSS IN 22 


OF WAR IN KOREA WITH NUTRITIONAI 


Months after 


No Date Rate 
( apture 
l Feb. 1951 to jtoll 
Oct. 1951* 

1 Mid 1951f 9 

Sept. 1951f 10 

; Oct. 1951 8,11,12 Gradual 
; Nov. 1951 11,311,132 17 cases 
4 Dec, 1951 11,11,12,13 

lan. 1952 9, 14, 26 

1 Feb. 1952 10 1 to 2 weeks 
4 \pr 1952 7,12 5 Cases 

1 Oct. 1952 9 

1 Dec, 1952 24 

Unknown} 


\verage: 11 Months 


History of neurotu 
1951 
total 


* Date of onset que stionable 
ke pressive reat thonin Febru iry 

t lwo cases with a partial ot functional 
(hysterical) basis for amblyopia 

t History of night blindness 2 to 3 months in mid 


die of 1951 


tween late autumn and early spring (table 
2). This may be explained partly in that 
relatively more men were captured during 


that period, and partly in that, among the 
men captured early, there appeared to be a 
higher percentage who developed amblyopia 
(‘onditions were espec ially bad in the pris 
oner of war camps early during hostilities 
and the death rate was high. Conditions im 
proved somewhat after the Chinese began 


administering the camps 


VISUAL LOSS 


In the majority of our patients, the onset 
of visual complaints was gradual and or 
curred between late autumn and early spring 
(table 3) 


the vear following capture Iwo 


factors appear significant 
First, 


whe n food was ¢ Spec tally scarce and, second, 


visual loss began during the period 


it occurred on the average of approximately 
11 months after capture. The 11 months’ fae 
tor appears the more significant 

Rodger’ noted an 11.2 months average in 


238 similar cases, and Pohlman’® reported 


the onset of optic-nerve involvement 11 to 13 


months after first observing xerophthalmia 


‘ 
j 
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TABLE 4 


Diets OF AMERICAN PRISONERS OF WAR IN KOREA 


Chet 1950 to Summer 1951 Small quantitve ot 
boiled millet, cracked corn or maize, sorghum, rice 
ind barley 

Summer 1951-—-Some cabbage, seaweed, soy beans 
turnips, and limited quantities of pork were sup 
plied 

Late 1951 Potatoes, greens, fresh pork, and flours 
from which a crude bread could be made, were sup 
plied 

1952-—-Larger quantities of pork, green and rice 
were obtainable. Some roasting of food permitted 

1954--Food improved still further prior to cessation 
of hostilities 


Milk. butter, cheese, fruit, and eggs were obtained 


not more than twice during « iptivit 


(ther authors have reported the onset ot 
visual signs about six months after imprison 
ment,""® and even earlier involvement has 
frequently been observed, Undoubtedly the 
degree of dietary deficiency can modify the 
time required for symptoms to appear, but 
onset of visual loss appears more character 
istically at 11 months in those exhibiting the 
chronic stage of the disease Ihe onset 1s 
usually gradual but sudden loss of visual 


acutty ts not uncommon 


ce, Diet 


Following capture, the prisoners were re 
quired to make the long march to the prison 
camps in the north. During this period the 
dietary intake was grossly inadequate (table 
4). There was a gradual improvement in chet 
after the summer of 1951. The dietary in 
take consumed by those who deve lop ambly 
opia is usually deficient im many nutrients 
The evidence, as to a specific tactor, ports 
to one or more of the B-complex vitamins 
and both thiamin and riboflavin deficiencies 
have been cited as being the responsible fac 
tor 

Dekking® theorized that in his series this 
type of amblyopia was not due to a singl 
went. He labeled a gross deficiency of vita 
min B,, plus an intoxication factor (tobacco ) 
and the intense tropical sunlight as probable 
causes. Lian® attributed it to deficiency of 


,, excessive rice, and to intercurrent dis 


ease. De Ocampo and his co-workers’ felt 
that an individual or racial neryous system 
or “soil” was responsible among other causes 
Che findings in our series suggest thiamin 
deficiency as the critical factor. It would re 
quire an extremely highly controlled study 
in order to prove a sing! agent re sponsible 
Manual labor did not seem to have been an 
important tactor in our patients since it was 
not Excessive Hlowever, it 1s re ilized that 
any physical activity is contributory to 
further debilitation, since the utilization ot 
calori requires the catalytic action of thia 
min. Cowgill®* has shown that a definite re 
lationship should exist between caloric intake 
and thiamin ingested and that, when this ts 
not normal, ymptoms of deficiency ce 
No significant toxin factor could be eli ted 
in this series \ small quantity of alcohol 
usually a rice product, was obtainable on a 
few Chinese holidays, and some local tobacco 
Was a itlable I he supply wa limited and 
many of our patients did not drink or sn oke 
Phe use of any habit forming drug VAS rare 


one patient admitted smol ng marijuana 


d. SYMPTOMS AND ILLNESSES DURING CAI 
riviTy 


\ majority of the men in our series gave 
histories of having had symptoms of vitamin 
deficiencies and of diarrhea otten ck 
scribed as “dysentery” (tables 1 und 5) 
All patients with amblyopia experienced a 
marked loss in weight, some of which was 
regained with improved diet prior to r 
patriation 

\ comparison of symptoms sustained dur 
ing captivity and of enter pathogens hat 
bored on repatriation was mac between our 
nutritional amblyopia patients and the gen 
eral medical patients repatriated at “Opera 
tion Little Switch” (tables 5 and 6). This 
was done in an effort to reveal some factor 
peculiar to the group of men with the am 
blyopia 

Although the number sampled was too 


small to attribute undue significance, bert 
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rABLE § 


SYMPTOMS AND ILLNESSES OF AMERICAN PRISONERS OF WAR DURING CAPTIVITY IN KOREA 


68 Medical Patients from »? Nutritional Amblyopia 
Operation Little Switch Patient + from Operation 
Gibson, et al Little Switch 
N Percent No Percent 
longue sore, red atrophic 18.5 
Fissures of mouth 14 7 41.8 
Bleeding gums 15 2.0 
Peripheral neuropathy 4 Beriberi* 14 63.6 
Edema of legs 19 7.9 
Diminished vision 8 10 
Nightblindnes 42 3 14.6 
Photophob i burning eve 14.6 
Hearing loss 18.2 
Diarrhea 61 000 00.9 
Malaria 14 6 
Weight loss 68 22 
\verave 24.6lb Average 31.5 tb 

* Usually described as edema of legs, feet, and face and/or peripheral weakne numbne ind tingling 
sensations 

t Not associated with visual lo 

t Averaged at least 10 pounds more earlier in captivity. Gain occurred with better chet 


beri and weight loss appeared more prevalent = that individuals with central seotomas usu 


in the patients with amblyopia. However illy see better at twilight than in bright day 
there was a much higher incidence of ber vht. If another factor accounts for thi 
beri and symptoms of other vitamin deficien we are unable to explai it 
cies in the patients with amblyopia than in 
(OBSERVATIONS 
the patients without ocular involvement who 
were admitted to our hospital or in the pris 1. Visua ACUITY 
oners Ot war in veneral Corrected visual acuity wa ipproxi itely 
Symptoms of nightblindness during cap equal bilaterally and ranged from 20/100 to 


tivity were less prevalent in the men with 20/200 in the majority of patients im thi 


amblyopia than in other prisoner of wat eries (table 8). One patient, of two who 
The infrequency of nightb ndnes in indi had a visual acuity ot 20/35 or better, im 


viduals with nutritional amblyopia has been proved on therapy and was con dered to be 


reported previously It is well known in the very early stage of the disease. It 1s . 


IABLE 6 


NTERIC PATHOGENS FOUND IN RICA PRISONERS OF WAR FOLLOWING, REPATRIATION 
68 Medical Patient from Operation »? Nutritional Ambl opia Patient 
Little Switch (Gibson, et al.” + from Operation I ttle Switch 
No Percent No Percent 
lumbricowe is 55.8 9 
I. trichiura 44.8 13.6 
Ancylostomiasis 5 7.3 5 
Strone!l 
E.. histolytica 13.2 6 7 
S. bacilli 7 10.2 
Paracolon Bacilli 4 
nana 136 
intestinalis 1 5 
Total with Pathogens 55 RO 14 643.6 
Eosinophilia Stools Neg 5.8 1 5 


1178 JOHN H. KING, JR., AND JACK W. PASSMORE 


rABLE 7 


PHYSICAL FINDINGS ON 22 AMERICAN PRISONERS OF WAR IN KOREA WITH NUTRITIONAL AMBLYOPIA 


Visual Fields* Electroretinogram 
Visual Central Fields —2/1,000 Findings 
Case Acuity White Test Object and Blindspots Light Dark Theesh 
Corrected Scotoma Absolute Unless \dapted \dapted oldt 
Otherwise Noted} X-Wave B-Wave 
1 20/400 R6° 10° oval, pericentral Enlarged by 
L. 20/250 Jit L 10° round, pericentral 4,01 
2 KR 20/400 JO pericentral Normal Normal Normal 0.95 
20/100 J6 2° 7° toward blindspot Normal 
R20/25 fi R 1° paracentral, relative Normal 
L 20/30 J2  L 1° paracentral, relative Normal 
4 RK 20/300 JO R 6° pericentral Normal Reduced Reduced 1.70 
L. 20/300 Jo L. 7° pericentral Normal 
§ RK 20/200 Jil pericentral Enlarged by Normal Reduced 1.35 
20/250 Ji2 7° pericentral See fig. 2 
6 R 20/300 10 R and L 2° with 2/2,000 white Normal Low Reduced ».50 
20/200 JO 6° with 1/1,000. Pericentral Normal 
7 20/200 R 10° to blind spot (hg. 1) R joined Low Low 2.85 
L. 20/200 J10 ~L. 10° to 15° superior (fig. 1 scotoma (See fig. 2 
&® R20/100 J9 ~~ R 3° temporocentral, relative Enlarged by Reduced Low 0.75 
20/100 18 L. 4° nasocentral & superior (fig. 1) 4 (See fig. 2 
9 K20/100 J9 — R 3° pericentral Enlarged by Normal Normal 2.15 
L. 20/100 Jil 3° pericentral 
10 R20/70 J10 RK 25° supracentral, relative Normal Normal Low 1.70 
20/100 Jil L 3.S° supracentral, relative Normal 
114 20/400 }7 No scotomas to 1/2,000 white nable to Unable to hold 1.35 
L. 20/300 47 No scotomas to 1/2,000 white plot lens in lids 
12 R 20/200 JO R 3° 7° Both extended to Enlarged Low 2.50 
L. 20/100 JO 5° 9° ward dise and relative Enlarged A wave, big 
13§ R 20/100 J0 = No scotomas to 1/2,000 white Normal Reduced Reduced 1.35 
L. 20/100 JO No scotomas to 1/2,000 white Normal 
14 20/2700 R 5° toward disc. Both Enlarged by Normal Normal 0.75 
20/200 JO  pericentral and relative 
15 R20/140 J9 ~~ RO pericentral and relative Normal Normal Normal 1.50 
L. 20/100 J8 pericentral and relative Normal 
16 20/500 R 7° «14° pericentral & rel Unable to Reduced Reduced 1.55 
L. 20/500 JO L. Unable to plot accurately plot O.1 
17 R 20/200 JO R 4° pericentral and relative Enlarged X4 Reduced Low 2.35 
L. 20/200 JO 5.5" pericentral and relative Normal 
18 R 20/400 J0 R 5° pericentral Normal Normal Reduced 2.45 
20/400 pericentral Normal 
19 R26/200 JO RS°K10° pericentral and relative Normal Borderline — Borderline 3.15 
L. 20/200 5° pericentral and relative Normal 
20 R20/200 JO R 10° 13° pericentral and relative Normal Normal Borderline 1.95 
20/200 L 5° 10° pericentral and relative Normal 
21 R20/70 J8 R 3° pericentral Normal Reduced Very low 1.80 
L 20/120 Jil L pericentral Normal 
224 R 20/30 J2 ~~ RK No scotomas to 1/1,000 white Enlarged by Normal Normal 1.50 
L. 20/35 2 L. No scotomas to 1/1,000 white 40.1 


* Peripheral fields normal in all except for slight constriction in one eye of cases No. 3 and 21, and both 
of No, 22 

t Dark adapted—Estimated in log millimicrolamberts (30° test held diameter 

t Relative scotomas often contained dense nucleus 

§ Partial or total hysterical factor present 

# Atypical case if due to nutritional factor. 
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“undus Findings 
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* Visual improvement noted on high vitamin, high protein and caloric diet in Cases I 
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TABLE 7 


PRISONERS OF 


Other positive tindings \ 


Nome 


Hearing loss; scaling ind atrophi 


changes of skin 


None 


None 


None 
None 


Sluggi h patellar refle xcs 


{ nequal sluggish pupils 12 20db 


hearing loss; foot drop 


Nome 
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N.P 


diagno is 


Ilransferred to Service with 


peye hiatri 
Nom 
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Mild hearing lo 
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I’ ipils 
thie 
tongue atrophy 


he iritiy change 
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neuropathies car ol 


M iltiple 


tongue and mouth; hearing lo 
Mild peripheral me uropathies 
None 


None 


No pupillary reaction to light 


WAR IN KOREA WITH NUTRITIONAL 


AMBLYOPTA 


Result of therapy* 
Result of visual aidst 


Scotoma to §° O.1 
20,200, 20/150; JI 


No visual change 
200, 20/40 
lo 20/20, 
Pallor questionable 
None 
None 
Near only 
None 
200 
None 
10/130, 20 
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Ne it only 
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20 
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Ne if only, 
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40, 
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None 
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yone 
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0/160, Ol 
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20/50, J1 
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TABLE 8 
VISUAL ACUITY IN 22 CASES WITH NUTRITIONAL 
AMELYVOPIA 
silat nilater: 
20/45 or better 
20/70 ? 
20/100 ; 
20/120 to 20/140 2 
20/200 to 20/250 6 ; 
20/300 1 
20/400 ) 
20/500 


* Visual acuity nearly equal bilaterally in 18 pa- 


trent 


probable that causes other than nutritional 


were present in the second patient. 


b. EXTERNAL AND SLITLAMP EXAMINATIONS 


These were normal in all patients, and 
there was normal function of the extraocular 
muscles. The pupils were larger than the 
normal and reacted poorly to light in two 
patients. The pupils did not react to light 


in a third patient 


‘ NDI 
The color of the optic dises was normal 
fourth of the The 


others varied from questionable, mild, and 


in about one patients 
moderate pallor to marked temporal pallor 
(table 9) Advanced 


temporally, was evident in a few eyes. Cor 


atrophy, especially 


relation between the optic-dise appearance 


and the visual acuity was poor. The maculas 
appeared normal in most patients, There was 
slight loss of luster and a mottled appearance 
No correlation existed 


the 


in the maculas of five 


between the macular appearance and 
visual acuity 


Many 


cidence of te mporal pallor of the optic nerve 


authors have reported a high in 


heads in large series of similar cases. Bar 


raque® found visual field disturbances in the 
form of central scotomas with negative oph 


Bell O'Neill 


reported temporal pallor to be an unre liable 


thalmoscopic pictures and 


severe cases, and Rodger" 


sign except in 
noted pallor in the chronic stage of the dis 


ease only. 
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A few authors have found a very high 


incidence of macular involvement. Living 


ston™ noted macular changes in 55 of 68 


patients which were studied early, and 


loom, et al observed mottling of the 


loss of foveal reflex in 13 


a result of the latter re 


maculas with a 
of 33 patients. As 
port, De Ocampo and his co workers” pub 
lished their findings in 28 patients from a 
simular Philip 


Islands following World War I] 


felt that frequently no pathologic significance 


series which occurred in the 


pine 


could be attributed to the absence of the 


foveal reflex. Our findings agree with most 
reports in the literature that significant macu 
chron 


lar changes are uncommon in the 


stage of the disease 


d. Visual 
Ie riphe ral fields taken on an Atmark pro 


FIELDS 


jection perimeter utilizing a 1.0-mm., white 


light test object at 330-mm. distance were 
normal except in three patients. Slight con 
centric constriction was present bilaterally in 
one patient and unilaterally in two patients 


Most 


significant incident of peripheral field in 


», 15-1 


authors” also report the in 


volvement in similar patients. Bell’ noted no 


involvement in 95 cases. Talbot,’* however, 


TABLE 9 


OCULAR FINDINGS IN 22 CASES OF NUTRITIONAI 


AMBLYOPTA 


Bi Uni 
lateral lateral 
Normal 4 2 
lemporal pallor ot disc 
Our tionable ’ 
Slight or mild 
Moderate 6 3 
Marked and generalized l 4 
Pigment on disc margin, tempo 
rally 4 1 
Dise margins blurred superiorly 
and inferiorly 2 
Glial tissue on 1 
Mvelinated nerve tibers 
Increased choroidal markings 1 
Macular change* 5 
Pupils unequal ind reacting 


poorly to light 


* Questionable or slight mottling or loss of foveal 
reflex. 


NI 


rABLI 


WITH Nt 


VISUAL FIELDS ON CASES 


Normal 
Slight constriction 


Peripheral 


Normal 


onstriction 


Central 


Pericentral scotoma*® 


Paracentral 


Normal 
Unable to plot 
nlarged 


Joining central s 


Blindspot 


* Averaging 5°-6° in size, nearly 


t W he n re lative, often contained dense nucleus 


reported a very high incidence, 82 percent of 


disease 


n thei 


278 patients, studied early 


Pericentral and scoton 
the 
tion and the pericentral the 
97 (table 10 and fig. 1 


approximate ly equal, bilaterally, 1 


paracentral as are 


characteristic defects in this condi 


more com 
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he 


edges, 
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they 
the blindspot 
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the 
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of the disease is doe } riphe ral 


Dhese 


nerve | 


early stage 


i local lesion 


the 


constriction indicate 
the 


However. we 


of opt in di cant 
to correlate these 


fields 
to be 


are not 


findings with others present. Color 
too unrel 

There w 
the visual 


he 


with 


were variable and were 
is no corTr- 


field find 


significant in our patient 
relation between any of 
nerve, 


Amslet 


yondiny, 


ings and the appearance of 
Macular 


grid charts reveal 


opt 


test the 


function 
d 
to 


defect corre | 


in most mstances, the central scotomas 


Phese 


haziness, or complete absence of the 


were described as either waviness, 


lines 
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Number of 


eye 


one 


> one eye 


one hysterical and one 20/30 VA 


hysterical 


8 absolute, 8 relativet 


Relative 


om 


one hysterical, one 20/500 VA 


one 


1 one 


round in most; often extending or displaced toward blindspot 


depending upon whether the cotloma was 
I ting with the Haid 
de 


) revealed very few patients who could 
failed 


or absolute 


ative 


inger brushes | macula testing 


Vict 


motion and theret most to 


the 
the 


pa 
of 


ore 
test. This is not surprising in view 


presence of central scotoma 
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CASE 5 
2/1000 WHITE. 

ABSOLUTE 

— VA- RT 20/200 LT: 20/250 RE. 


2/1000 WHITE 
ABSOLUTE 


CASE 8 
1/1000 WHITE. 


RELATIVE . 
|_— VA- 20/100 LT 20/ 100 


Fig. 1 (King and Passmore). Central visual fields in three cases of nutritional amblyopia 
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NORMAL CONTROL / 


CASE 


LIGHT 
ADAPTED 


WHITE 


re 
50 wV 


DARK 
ADAPTED 


BLUE WHITE 


We - 
We 


0.2 sec. 500 wV 


Fig. 2 (King and Passmore). Ele 


stimulator Responses were obtained with a 


silver silver chloride electrode apposed to 
the eye with a contact len ind recording 
was performed with a Gra ink-writing 


clectroe Thee phalographi machine 


rABLE 11 


DINGS IN 22 CASES 
AMBLYOPIA 


ELECTRORETINOGRAM FIN 
WITH NU TRITIONATI 


Number of ( 


ines 
Sub Border Not 
orma! 
Norma normal line Obtained 
Light \dapted 
x-wave 9 9 1 ; 
Dark \dapted 
b-wave 5 11 2 4 
Threshold* 6 12 2 2 


In 3 subjects, all three readings normal 


* Intensity of light stimulus subtending 30° re 


quired for recognition when dark adapted. Measured 
by estimated log millimicrolamberts 


troretinograpl 


re 


spor ¢ in ree cas ot nmutritte nal in blyopia 
Photopic activity was elicited by delivering 
red test flashes to the light idapted eye. bor 


potential the eve was dark adapted 


for 30 minutes prior to the recording and 
blue test flashes were used 
The electroretinograms of each observer 


were rated according to sensitivity as normal, 


borde rline, re duced. or low Re were 


both 


spon ‘ 
compared to those of the normal eve, 


for wave form and actual sensitivity to fixed 


1] 2). When 


the eye was light adapted the re sponse ot the 


amounts of light (table and hg 


defective eye was similar to that of the nor 


mal one except that it was 
tude. The 


of the nutritional amblyopia patients ins 


reduced in ampli 


data show that in a large number 


esti 
gated, the x-wave was reduced in amplitude 
and sensitivity but not completely abolished 


Impairment was also noted upon dark adap 


CASE 5 
CASE 7 
| 
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rABLE 12 


SIGNIFICANT FINDINGS OTHER THAN OCULAR 
IN 22 CASES OF NUTRITIONAL AMBLYOPIA 


Number of 


Cases 

Nom 12 
Peripheral neuropathies 

Marked 

Mild 
Hearing loss 5 
Skin scaliness and atrophy: Acne 2 
\trophy of papillae of tongue ; 
Neuropsychiatric 2 


tation, b-wave amplitude being appreciably 
reduced 

The degree of involvement, which for the 
most part ranged from slight to moderate, 
could not be correlated with the findings of 
the more standard tests ‘ that is, visual ac uity, 
visual fields, and fundus findings. Only one 
patient showed an electroretinogram of un 
usual wave form. This patient's tracing dis 
played an unusually large a-wave. This type 
of imereased negative activity is often en 
countered in damaged retinal tissue 

Although there is still some confusion as 
to how the various parts of the electroretino 
graph are related to the rods and cones, the 
electroretinograp)) is considered generated 
partly by the receptors and partly by the 
bipolar and ganglion cells of the retina 
From our findings and from what is known 
of the nature of the electroretinograph, it is 
our opimon that one site of the pathology 
in nutritional amblyopia is in the retina, at 


findings suggest rod and cone disturbance 


least in a large percentage of cases 
but involvement of the bipolar cells and gan 
glion cells is also possible. Although the cen 
tral area is most severely affected, peripheral 
involvement elicited by the electroretino 
graph and threshold determinations, but not 
by more conventional tests (visual fields), 
appears probable 

Phe electroretinographic findings suggest 
that the optic atrophy, as evidenced by the 
dise changes ( pallor and atrophy ), is ascend 


grams in 10 cases of optic neuritis and found 


ing in type recorded electroretino 


AND 


JACK W. PASSMORE 
them normal in both the acute and healed 


stages. He also recorded normal electro 
retinograms in five eyes which showed par 
tial or total optic-nerve atrophy 

Bounds,” citing Francois’ belief that the 
electroretinogram remained normal regard 
less of the amount of atrophy of the nerve, 
that 


ascending and the descending type of atrophy 


states a differential diagnosis of the 
can be made, since in the former the electro 
retinogram is altered, whereas in the lattet 
it is unaltered 

The possibility of patchy involvement of 
with both retinal and nerve 


the optic nerve 


involvement cannot be ruled out. Likewise, 
the possibility of optic-nerve involvement, 
without retinal pathology, in some of our 
nutritional amblyopia patients has to be con 
sidered in view of a normal electroretino 
gram in the presence of a scotoma and pallor 


of the opt dise 


f. OOTHER FINDINGS 

Other significant findings in our series are 
shown in Table 12. Two cases were diag 
nosed as primarily functional amblyopias 
but were included in this study, since a pat 
tial nutritional factor could not be entirely 


ruled out 


RESULTS OF THERAPY 
Treatment consisted of high caloric, high 
protein, and vitamin-supplemented diets ; 


13 


RESULTS OF TREATMENT IN 22 CASES OF NUTRITIONAL 
AMBLYOPIA AFTER ADMISSION TO WALTER 
Reep Army Hosprtrat 


Therapy —High vitamin, high protein diet 
No change 20 Cases 
Improved 2 cases 
One —20/25 and 20/30 to 20/20 and 20/20 
One—Central scotoma to 5° from 10° in size 
Blindspot from enlargement of one-half to nor 
mal 


Visual aids— Telescopic and microscopic lenses 
Im proved 
18 cases 


17 cases to 


Distance 


Near 


J-1 


l case to 
Not fitted 
A. better than 20/35 in two 


Four Other two hysterical with no benefit noted 


‘ 


,UTRITIH 


therapy for enteric pathogens when indi 
cated, and physi il rehabilitation for those 
vith peripheral neuropathn he irreversi 
bility or the condition ‘ denced by the 
poor response to therap table 13) 

ur patients were fitt | with visual aids, 
including telescopic and croscopic lenses 
(table 13) All but one i ible to read 


}-1 print at the focal point of the particular 


lens used, and distant 


markedly 


\ detailed study is presented group of 
American soldiers | 


rail 


who sutte ed irreve Tole 


amblyopia following captut ind’ retention 
as prisoners of war in Korea. Diets were 
yro sly deficient in many nutrients and inter 


current diseases were cor 


on 


Vitamin-B, deficiency, evidenced by the 
frequency of symptor of beribert during 
capt ty appears to be the ost signilicant 
etiologic factor. No toxic element is believed 


to be re ponsible The fact that an men 
under similar conditions escaped ocular in 
volvement is attributed to individual re 
sistance 

The onset of an blyopia u ually vl vidual 
although it may occur iden In the latter 
case mt ts frequently isociated with some 
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NAI 
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systemic disease and lowered resistance 


(haracteristically, the condition appears after 


ipproxm ately 11 months ol cle pris ition, but 


this n 


ay modified somewhat by the sever 

ity of the existing condition 
The typical findings in the chromic stage 
of the disease are the reduced Vision, bi 
iteral pericentral or paracentral scotomas 
iveraging approximately five cle yrees size 


ind tem moral pallor oft the nervehead 


questionable to moderate in degree, Other 
evidences of vitamin deticiencies are com 
mon 

lclectroretinogran not, to the author 


knowledge previously investigated, offer 
idditional evidence that one site of the 
pathology is in the retina and suggest rod 
ind come involvement he electroretino 
yvrams indicate an ascending type of opti 
nerve atrophy in many of those patients m 
whom an atrophy is present 


Therapy ts ineffective in the chronic stage 


of the disease Hlowever, pecial visual ce 
Vice ire a definite aid to these patients 
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The Francis I. Proctor Lecture 


[* 1946 Mrs. Proctor founded a lectureship in ophthalmology by donating a sum of 
money from which the income would pay an honorarium to an annual Lecturer 
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DATE 


First Lecture 
Dec 20, 1946 
Second Lecture 


S« pt 18. 1947 


Third Lecture 
Sept 10, 1948 
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Sept. 16, 1949 
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Sept. 15 1950 
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Sept. 14, 1951 


Seventh Lecture 


Nc 19 1952 


Exehth Lecture 


De i 
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LECTURER 


KENNETH C. SWAN, M.D 


Derrick Vai, M.D 


Davip G. CoGan, M.D 


JONAS S. Friepenwatp, M.D 


M.D 


ALGERNON B. Reest 


Sin Srrwart DuKke-Evper, MD 


S. RODMAN IrRvine, M.D 


Perer C. Kronerecpo, M.D 
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